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ABSTRACT 


The  Increased  speed  of  aircraft  and  a  greater  density  of  air  traffic 
are  overtaxing  air  traffic  controllers.  Automation  of  some  portions  of  the 
controller's  Information  and  the  use  of  colour  to  highlight  dangerous 
situations  will  make  the  controller's  work  easier  and  possibly  more  accurate. 
One  of  the  major  aims  of  the  study  is  to  show  that  the  use  of  different 
colours  to  indicate  varying  distances  between  aircraft  is  a  definite 
improvement  over  a  monochrome  display.  The  other  major  aim  is  to  study  the 
advantages  and  disadvantages  of  vector  display  and  raster  display  technologies 
when  applied  to  the  air  traffic  controller  scenario.  A  new  set  of  graphics 
display  routines  was  developed  to  be  used  for  the  simulation.  Much  consider¬ 
ation  was  given  to  the  best  methods  to  optimize  the  display  routines,  with 
attention  given  to  real-time  constraints. 


RESUME 


Les  vitesses  de  plus  en  plus  grandes  des  aeronefs  et  la  densite 
croissante  du  trafic  aerien  imposent  aux  controleurs  de  la  circulation  aerienne 
une  surcharge  de  travail.  Ce  travail  devrait  s'alleger,  et  peut  etre  meme 
devenir  plus  prdcis,  grace  £  une  automatisation  partielle  des  informations  que 
reqoit  le  controleur  ainsi  qu'a  l'emploi  de  couleurs  pour  faire  ressortir  les 
situations  potentiellement  dangereuses.  L'emploi  de  couleurs  pour  indiquer 
les  variations  d'espacement  entre  aeronefs  marque  un  progres  notable  sur 
l'affichage  monochrome,  comme  le  dSmontre  1' etude,  dont  c'est  un  des  objectifs 
principaux.  L'autre  objectif,  tout  aussl  important,  est  de  mettre  en  relief 
les  avantages  et  les  inconvenients  des  technologies  d'affichage  3  trame  et 
vectoriel,  dans  le  domalne  du  controle  de  la  circulation  aerienne.  Un  nouvel 
ensemble  de  sous-programmes  d'affichage  de  donnees  graphiques  a  €te  etabli 
pour  des  fins  de  simulation.  Une  Stude  en  profondeur  a  porte  sur  les  methodes 
qui  donneront  les  meilleurs  sous-programmes  d'affichage,  avec  une  attention 
particuliSre  aux  contraintes  en  temps  r§el. 
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CHAPTER  1 


INTRODUCTION 


1  •  1  Introduc  t ion 


The  increasing  speed  and  density  of  air  traffic  is 
forcing  aviation  agencies  to  adjust  procedures  and  equipment  to 
prevent  air  traffic  controllers  from  becoming  overtaxed.  The 
solution  to  the  overtaxing  problem  is  to  automate  some  portion 
of  the  controller's  task. 

Radar  is  employed  to  display  the  aircraft  in  a  given 
area.  The  movement  of  the  aircraft  is  followed  and  the  expect¬ 
ed  track  is  estimated.  Potential  aircraft  collisions  can  only 
be  detected  by  viewing  the  entire  scene  at  once  on  the  display. 
By  interposing  a  computer,  further  information  about  the  air¬ 
craft  can  be  displayed,  such  as  flight  number,  altitude,  path 
and  collision  information.  To  further  improve  the  benefits  of 
the  display,  colour  may  be  introduced  to  warn  the  air  traffic 
controller  of  possible  impending  collisions.  A  simulation  of  a 
general  area  air  traffic  controller  scenario  was  developed  to 
examine  the  value  of  using  colour  to  forewarn  the  controller  of 
potential  collisions. 

In  order  to  create  an  adequate  simulation  a  graphics 
language  was  needed  on  the  system  that  would  allow  the  movement 
of  the  aircraft  to  approximate  real-time.  As  the  existing  sets 
of  routines  were  far  too  slow  an  entirely  new  package  was  writ¬ 
ten  and  is  fully  described  in  Chapter  2  (the  Graphics  Display 
Library).  Considerable  care  was  taken  to  create  a  set  of 
routines  that  would  be  most  effective  for  the  air  traffic  con¬ 
troller  scenario.  Future  applications  may  also  readily  employ 
these  routines  . 

The  general  area  air  traffic  controller  simulation  is 
described  in  Chapter  3;  the  equations  involved  in  moving  the 
aircraft  on  the  display  are  presented  in  Chapter  4;  and  the 
effective  real-time  speeds  of  the  aircraft  are  discussed  in 
Chapter  5. 

Information  that  is  not  as  significant  as  the  informa¬ 
tion  on  the  main  display  must  still  be  made  available  to  the 
air  traffic  controller.  It  was  necessary  to  devise  a  suitable 
secondary  display  which  is  presented  in  Chapter  6. 

The  air  traffic  controller  communicates  with  the  pilots 
of  the  aircraft  in  his  jurisdiction  so  some  interaction  was 


required  to  allow  similar  communication  m  the  simulation.  The 
pseudo-controller  can  input  to  the  terminal  suggested  speed  and 
bearing  changes  and  the  computer  executes  these  changes  as 
though  the  pilot  followed  the  instructions  precisely.  This 
interaction  is  described  in  Chapter  7. 

A  monochrome  display  of  the  general  area  air  traffic 
controller  simulation  is  used  for  comparison  with  the  simula¬ 
tion  using  colour.  The  comparison  is  in  Chapter  8. 

Two  types  of  display  CRTs,  a  raster  display  and  a  vec¬ 
tor  display,  were  available  on  which  to  implement  the  simula¬ 
tion.  A  comparison  is  made  of  the  two  display  technologies  in 
Chapter  9. 

Consideration  was  given  to  possible  areas  for  enhance¬ 
ment  of  the  simulation  for  future  applications.  The  enhance¬ 
ments  are  presented  in  Chapter  10.  The  conclusions  of  the 
study  are  presented  in  Chapter  11. 

Using  the  new  graphics  display  library  of  routines  and 
the  special  purpose  routines  the  simulation  was  implemented  and 
studied.  The  full  simulation  program  (atcint.c),  listed  in 
Appendix  2,  displays  the  area  background,  moves  the  coloured 
aircraft  across  the  screen,  and  allows  air  traffic  controller 
interaction.  Various  sections  of  this  program  will  be  referred 
to  and  described  throughout  the  report. 


1 . 2  Equipment  Used 


The  host  machine  is  a  DIGITAL  PDP-11/34  computer  with 
124k  words  of  MOS  memory,  a  67  megabyte  disk  drive,  a  number  of 
terminals,  and  a  NORPAK  graphics  system  which  consists  of  a 
Raster  Graphics  Subsystem  (RGS)  on  a  Systems  Research  Labora¬ 
tories  (SRL)  colour  monitor,  a  Vector  Graphics  Subsystem  (VGS) 
on  a  Kratos  colour  monitor,  and  the  associated  Visual  Data  Pro¬ 
cessors  (VDPs).  The  VDPs  convert  program  instructions  into 
formats  recognizable  by  the  monitors. 

The  VDP  has  memory  for  colours  and  blinking  status. 
The  memory  is  lk  by  lk  by  4  bits.  Three  of  the  4  bits  are  for 
colour  so  23  ■  8  colours  are  possible.  The  fourth  bit  is  for 
the  blink  status.  The  VDP  includes  a  video  lookup  table  which 
stores  the  representation  of  a  large  number  of  colours,  however 
the  memory  still  limits  the  choice  of  colours  to  be  displayed 
to  eight  at  a  time. 

The  operating  system  is  UNIX  with  C  as  the  programming 
language  [ 2 ] ,  [ 23 ] . 


CHAPTER  2 


GRAPHICS  DISPLAY  LIBRARY 


2.1  Introduct ion 


The  graphics  display  library  is  a  series  of  routines 
that  provide  a  means  of  defining  what  will  be  on  the  colour 
display  (The  Visual  Data  Processor  (VDP)  controlling  a  Raster 
Graphics  Subsystem  (RGS)  and  a  Vector  Graphics  Subsystem 
(VGS)).  The  routines  are  written  in  the  C  language  running 
under  UNIX  on  a  PDP-11/34  computer.  When  a  program  to  create  a 
display  is  compiled,  this  library  of  display  routines  is  ap¬ 
pended  to  the  compiled  main  program.  This  display  program 
would  have  a  number  of  calls  to  a  subset  of  these  library 
rout ines  . 

The  system  of  display  routines  was  developed  to  improve 
the  speed  of  response  time  over  the  NORPAK-supp 1 ied  routines 
which  were  originally  written  for  TELIDON.  These  routines  were 
very  general  and  had  no  optimization  for  the  high  resolution 
VDP.  Some  of  the  more  complex  TELIDON  routine  displays  (espe¬ 
cially  those  involving  arcs)  took  up  to  five  minutes  to  draw 
completely.  In  order  for  the  air  traffic  controller  simulation 
to  be  effective  the  simulated  aircraft  must  move  in  a  realistic 
manner.  Also,  when  interactive  changes  are  input  these  changes 
must  be  effected  within  seconds.  As  the  TELIDON  routines  could 
not  react  sufficiently,  new  routines  were  required. 

The  library  of  routines  developed  contains  software 
that  is  less  general  purpose  and  more  restricted  than  the 
TELIDON  oriented  software.  The  TELIDON  software  allows  sec¬ 
tions  of  display  to  be  added  by  user  interaction.  The  new 
graphics  display  library  deals  only  with  fixed  format  displays. 
The  basic  content  of  the  display  must  be  predefined  so  only 
those  predefined  components  may  be  altered,  and  only  their 
colour,  location,  blink,  intensity  may  change.  Due  to  these 
restrictions  there  is  much  less  overhead  processing  required 
for  each  function  with  the  new  graphics  display  library.  A 
display  involves  displaying  a  collection  of  groups.  For  the 
purposes  of  the  air  traffic  controller  simulation  all  informa¬ 
tion  on  the  screen  can  easily  be  predefined.  Once  these  com¬ 
ponents,  or  groups  of  information  are  defined  all  the  subse¬ 
quent  changes  are  just  minor  changes  to  these  groups.  Changes 
involve  colour  or  position  modifications  to  aircraft. 

The  library  of  routines  allows  a  large  portion  of  the 
display  contents  to  be  predefined  and  display  changes  to  be 


made  quickly.  This  is  because  the  graphical  definitions  reside 
in  the  VDP,  waiting  for  portions  to  be  selected  for  display. 
This  minimizes  the  amount  of  data  flowing  between  the  host  pro¬ 
cessor  and  the  VDP. 

This  chapter  assumes  some  knowledge  of  the  UNIX  operat¬ 
ing  system  and  the  C  language.  Syntax  diagrams  for  using  the 
graphics  display  library  routines  are  given  in  Appendix  9. 


2 . 2  The  Phases 


The  graphics  display  library  (gdlib.c)  is  divided  into 
four  distinct  phases: 

1)  initialization  phase 

2)  subpicture  definition  phase 

3)  group  definition  phase 

4)  display  phase. 

Programs  accessing  the  graphics  display  library  must 
acknowledge  each  of  these  phases  by  using  some  instructions 
from  each  of  these  phases.  The  descriptions  of  the  phases  that 
follow  indicate  the  minimum  number  of  instruction  accesses 
allowed  in  each  case.  A  group  defines  a  distinct  attribute  on 
the  display,  for  example  a  vector  or  some  text.  Group  informa¬ 
tion  may  be  changed  or  updated  by  edit  commands.  A  subpicture 
is  a  combination  of  display  attributes  which  are  treated  as  a 
set.  Subpictures  are  used  if  the  same  set  of  attributes  are  to 
be  repeated  throughout  the  display. 


2.2.1  Initialization  Phase 


The  initialization  phase  consists  of  a  call  to  gdin- 
it().  This  routine  initializes  variables  concerned  with  keep¬ 
ing  track  of  which  subpicture  or  group  is  being  described,  ini¬ 
tializes  the  terminal  and  initializes  the  character  spacing. 
It  is  in  this  phase  that  the  user  decides  whether  to  use  the 
RGS  (unit  0)  or  the  VGS  (unit  1).  The  unit  value  defaults  to  0 
but  may  be  set  to  1  if  desired. 


2.2.2  Subpicture  Definition  Phase 


The  subpicture  definition  phase  immediately  follows  the 
initialization  phase.  It  is  not  necessary  to  have  any  subpic¬ 
tures  defined  but  a  call  to  gdsubend()  to  end  the  phase  is 
required.  There  may  be  many  subpictures  defined;  each  one 
starts  with  a  call  to  gdsubopn()  to  open  the  subpicture  and 


ends  with  a  call  to  gdsubcls()  to  close  the  subpicture.  Once 
subpictures  have  been  defined  they  cannot  be  edited.  A  subpic¬ 
ture  describes  a  picture  element  that  will  likely  be  repeated 
more  than  once  in  the  display.  Subpictures  would  be  used  main¬ 
ly  to  define  special  symbols,  (eg.  the  symbol  for  an  air¬ 
craft)  . 


The  body  of  the  subpicture  consists  of  any  combination 
of  calls  to  gdcolrO,  gdints(),  gdblnkO,  gdasetO,  gdcsetO, 
gdvect(),  gdivecC),  gdtextC).  These  routines  are  definition 
commands  and  will  be  described  later.  Calls  to  gdcolrO  are 
not  recommended  on  the  VGS  because  considerable  time  is  taken 
to  switch  colours.  When  the  VDP  displays  the  screen  picture  it 
sorts  by  colour  then  displays  all  of  one  colour  at  a  time. 
However,  colours  in  subpictures  cannot  be  accessed  to  sort. 

A  subpicture  is  restricted  to  1024,  16  bit  words  of 
data  in  total.  This  poses  no  practical  limitation  on  the  sub¬ 
picture  size.  For  example  a  subpicture  could  set  up  more  than 
500  vectors  or  more  than  1000  characters.  The  call  to  gdsu- 
bend()  is  required  whether  there  are  any  subpictures  defined  or 
not . 


2.2.3  Group  Definition  Phase 


The  group  definition  phase  immediately  follows  the  sub¬ 
picture  definition  phase.  This  phase  is  terminated  by  a  call 
to  gdgrpend().  At  least  one  group  must  be  defined.  These 
groups  contain  the  commands  that  describe  what  will  be  on  the 
display . 


A  group  definition  consists  of  zero  or  more  calls  to 
gdcolrO,  gdints(),  gdblnkO,  gdasetO,  gdcsetO;  and  one  or 
more  calls  to  any  one  of  the  three  types  of  drawing  commands: 
gdvectO  or  gdivecO,  gdtextO,  gdsubpO.  A  group  can  have  one 
of  the  text,  vector  or  subpicture  drawing  commands  but  not  more 
than  one  type.  The  drawing  commands  gdvectO  and  gdivecO  may 
be  intermixed  since  they  are  both  vector  drawing  commands  even 
though  the  latter  draws  invisible  vectors. 

The  calls  to  the  definition  commands  simply  reset  the 
default  attributes  assigned  to  the  group.  When  the  gdgrpendO 
call  is  made  the  attributes  are  filled  into  the  group  header 
along  with  the  drawing  commands,  and  output. 


2.2.4  Display  Phase 


The  display  phase  immediately  follows  the  group 


definition  phase.  This  phase  is  terminated  by  another  gdin- 
it().  If  the  calling  program  terminates  without  another  gdin- 
it()  then  the  picture  will  remain  displayed  until  the  screen  is 
accessed  by  another  program. 

This  phase  consists  of  calls  to  gdattachO,  gdupdateO, 
gdcursorO  ,  gdpollO,  gddisplyO  and  calls  to  any  of  the  edit 
group  which  may  be  made  in  any  order,  depending  on  application. 
Descriptions  of  all  of  these  routines  follow. 


2 . 3  The  Commands 


The  commands  are  the  actual  routines  that  will  be 
called  by  the  user's  program  to  draw  on  the  display.  With  this 
concise  set  of  commands  any  type  of  display  may  be  drawn,  how¬ 
ever  the  set  is  more  specifically  useful  for  line  drawings 
rather  than  filled  or  solid  drawings. 


2.3.1  Contro 1  Commands 


gdinit ( )  : 

This  routine  sets  up  a  line  of  communication  with  the 
VGS  or  the  RGS .  Variables,  the  terminal  and  charac¬ 
ter  spacing  are  initialized. 

gdsubopn( ) : 

This  routine  indicates  that  a  subpicture  definition 
will  begin.  The  routine  checks  that  the  phase  is 
correct  to  open  a  subpicture,  and  that  there  is  not 
an  unclosed  subpicture.  Once  a  subpicture  is  defined 
it  cannot  be  edited.  The  routine  keeps  track  of  the 
number  of  subpictures. 

gdsubclsC  )  : 

This  routine  indicates  that  the  current  subpicture 
definition  will  end.  The  routine  checks  that  the 
phase  is  correct  to  close  a  subpicture  and  that  there 
is  indeed  an  open  subpicture  to  close.  If  so,  the 
subpicture  information  is  written  to  the  VDP. 

gdsubend() 

This  routine  marks  the  end  of  the  subpicture  defini¬ 
tion  phase.  The  routine  checks  that  all  subpictures 
that  have  been  opened  have  been  closed.  If  not,  an 
error  is  indicated.  If  the  state  is  correct  to  end 
the  subpicture  phase  it  is  changed  to  group  phase  and 
the  group  header  information  is  set  up  so  that  the 
group  definition  phase  may  begin.  Initially  the 


7 


gdgrpo  pn ( ) 


gdgrpcls  (  ) 


gdgrpend (  ) 


gdupdate (  ) 


gdpo 1 1  ( )  : 


gddisply (  ) 


group  colour  is  red,  Che  intensity  is  full,  the 
screen  is  not  blinking,  the  drawing  pointer  is  set  to 
(0,0),  and  the  small  character  set  is  in  use. 


This  routine  is  called  to  begin  definition  of  a 
group.  It  checks  that  the  phase  is  the  group  defini¬ 
tion  phase;  and  it  checks  that  there  is  not  an  un¬ 
closed  group.  The  routine  keeps  track  of  the  number 
of  groups  defined.  Each  group  may  define  text,  or 
vectors  (visible  and  invisible),  or  subpicture  calls; 
but  may  not  define  a  combination  of  these. 


This  routine  closes  the  definition  of  a  group.  The 
routine  checks  that  the  phase  is  correct  to  close  a 
group  definition  and  that  there  is  indeed  an  open 
group  to  close.  If  so,  the  number  of  drawing  commands 
in  this  group  is  recorded,  and  the  group  information 
is  sent  to  the  VDP . 


This  routine  marks  the  end  of  the  group  definition 
phase.  The  routine  checks  that  all  groups  that  have 
been  opened  have  been  closed.  The  phase  is  checked 
and  if  it  is  correct  (phase  3  -  group  definition 
phase)  then  the  program  may  proceed  to  the  display 
phase  . 


This  routine  updates  the  display  with  the  given  list 
of  groups.  The  groups  are  presented  in  an  array 
along  with  the  number  of  groups  included.  The  infor¬ 
mation  is  sent  to  the  VDP.  If  the  program  is  not  in 
the  display  phase  an  error  is  indicated. 


This  routine  polls  for  the  co-ordinates  of  the  cur¬ 
sor.  The  cursor  is  attached  to  the  trackball.  The  x 
position  and  the  y  position  of  the  cursor  are  each 
read  into  corresponding  variables.  If  the  program  is 
not  in  the  display  phase  at  the  time  of  the  call  the 
error  is  indicated. 


This  routine  turns  the  display  refresh  on  or  off.  If 
there  are  to  be  a  series  of  edits  to  the  display  it 
may  be  desirable  to  turn  the  refresh  off  until  all  of 
the  edits  have  been  completed  and  then  turn  the  re¬ 
fresh  on  again.  If  the  program  is  not  in  the  display 
phase  at  the  time  of  the  call  an  error  is  indicated. 


gdcursor ( )  : 

This  routine  turns  the  trackball  cursor  on  or  off. 
The  program  must  be  in  the  display  phase. 

gdattach( ) : 

A  group  defines  the  shape  and  size  of  the  cursor,  and 
in  order  to  display  the  cursor  that  group  must  be 
selected  for  display  through  the  last  update  command 
(gdupdate ( ) )  .  The  routine  attaches  the  trackball  to 
the  group  defining  the  cursor.  The  gdasetO  value  in 
the  defining  group  is  the  actual  position  of  the  cur¬ 
sor.  The  information  is  sent  to  the  VDP .  The  pro¬ 
gram  must  be  in  the  display  phase. 


2.3.2  Subpicture  and  Group  Def init ion  Drawing  Commands 
gdcolr ( ) : 

This  routine  defines  the  subpicture  colour  if  in  the 
subpicture  definition  phase,  or  changes  the  colour 
value  in  the  group  header  if  in  the  group  definition 
phase.  If  not  in  either  of  these  phases  an  error  is 
indicated.  The  possible  colours  are: 

0  -  red 

1  -  orange 

2  -  amber 

3  -  yellow 

4  -  green. 

(Note:  the  RGS  allows  variations  in  blue  and  purple 
as  well,  but  as  the  aim  was  to  make  the  RGS  and  VGS 
work  with  the  same  library  of  routines,  the  RGS  had 
to  limit  its  colours  to  those  of  the  VGS.) 

gd int  s (  )  : 

This  routine  defines  the  intensity  of  the  information 
displayed  on  the  screen  if  in  the  subpicture  phase, 
or  changes  the  intensity  value  in  the  group  header  if 
in  the  group  definition  phase.  If  not  in  either  of 
these  phases  an  error  is  indicated.  The  possible 
intensities  are  0  to  17  octal  with  17  being  full 
intensity  and  0  being  invisible.  The  parameter 
passed  to  this  routine  should  contain  the  intensity. 

gdblnk( ) : 

This  routine  indicates  whether  or  not  the  subpicture 
elements  will  blink  if  in  the  subpicture  definition 
phase;  or  the  routine  changes  the  blink  status  in  the 
group  header  if  in  the  group  definition  phase.  If 
not  in  either  phase  an  error  is  indicated.  The  two 
states  of  blink  are: 

0  -  do  not  blink 


1 


blink  . 


gdaset ( ) : 

This  routine  sets  up  the  absolute  x,  y  position  from 
which  the  next  information  will  be  drawn.  In  the 
subpicture  definition  phase  the  x,  y  set  is  defined. 
In  the  group  definition  phase  the  x,  y  set  is  modi¬ 
fied  in  the  header.  If  in  neither  of  the  phases,  an 
error  is  indicated.  The  values  of  x  and  y  must  be 
greater  than  or  equal  to  0,  and  less  than  or  equal  to 
1023.  Each  group  can  only  do  one  absolute  position 
set.  If  a  group  does  not  do  an  absolute  position  set 
then  the  set  from  the  immediately  preceding  group  is 
used . 

gdcset (  )  : 

This  routine  defines  the  subpicture  character  set 
choice  if  in  the  subpicture  definition  phase,  or 
modifies  the  character  set  choice  if  in  the  group 
definition  phase.  If  in  neither  of  these  phases,  an 
error  is  indicated.  The  character  set  choice  is: 

0  -  small 
1  -  large. 

gdvect ( ) : 

This  routine  sets  up  a  series  of  one  or  more  relative 
vectors  to  be  drawn  one  after  the  other.  The  array 
of  vectors  may  be  introduced  in  either  a  subpicture 
or  a  group.  If  the  program  is  neither  in  the  subpic¬ 
ture  definition  phase  nor  the  group  definition  phase 
an  error  is  indicated.  The  array  of  vectors  and  the 
size  of  the  array  must  be  given. 

gdivec (  )  : 

This  routine  sets  up  a  series  of  one  or  more  invisi¬ 
ble  relative  vectors  to  be  drawn  one  after  another. 
The  array  of  vectors  may  be  introduced  in  either  a 
subpicture  or  a  group.  If  the  program  is  currently 
neither  in  the  subpicture  definition  phase  nor  the 
group  definition  phase  an  error  is  indicated.  The 
array  of  vectors  and  the  size  of  the  array  must  be 
given.  Invisible  vectors  may  be  used  if  one  requires 
the  x,  y  pointer  position  to  be  at  another  location 
on  the  screen  but  does  not  wish  to  start  another 
group . 

gdtext (  )  : 

This  routine  defines  a  text  string  to  be  written  on 
the  display,  in  either  a  subpicture  or  a  group.  If 
the  program  is  neither  in  the  subpicture  definition 
phase  nor  the  group  definition  phase  an  error  is 
indicated.  The  string  of  characters  will  be  sent  as 


follows:  gdtext ( "ABC" ,  3).  The  string  and  the 
length  of  the  string  (including  blanks)  must  be  indi¬ 
cated.  Note:  the  string  can  also  be  given  in  an 


array . 

gdsubp ( ) : 

This  routine  indicates  which  subpictures  will  be 
accessed  from  the  present  group.  If  the  program  is 
not  in  the  group  definition  phase  an  error  is  indi¬ 
cated.  As  subpictures  were  defined  they  were  num¬ 
bered,  starting  at  1.  The  subpictures  to  be  accessed 
are  to  be  indicated  using  these  numbers  which  are 
introduced  in  the  group  as  an  array.  The  size  of 
this  array  must  also  be  given. 

2.3.3  Group  Edit  Commands 

After  the  screen  has  been  displayed  portions  may  need 
changing.  This  is  done  by  editing  the  desired  groups  and  then 
redisplaying  the  screen  using  the  gdupdateO  command.  In  each 
edit  coroand  the  group  to  be  edited  must  be  indicated,  along 
with  the  new  value(s)  of  what  is  being  edited.  Groups  were 
numbered  from  1  as  they  were  created,  and  are  identified  using 
this  number.  The  edit  type  must  also  be  given: 

0  -  if  the  template  is  to  be  edited 
1  -  if  the  template  and  the  display  are  to  be 
edited  . 

When  the  display  is  edited  (edit  type  ■  1)  an  automatic  update 
of  the  display  occurs. 

gdedco lr ( )  : 

This  routine  edits  a  group's  colour, 
gdedints ( ) : 

This  routine  edits  a  group's  intensity. 
gdedblnk( )  : 

This  routine  edits  whether  or  not  the  information  in 
the  group  will  blink. 

gdedaset (  )  : 

This  routine  edits  the  group's  absolute  x,  y  pointer 
position. 

gdedcset( ) : 

This  routine  edits  the  group's  choice  of  character 
size. 

gdedvect ( ) : 

This  routine  edits  a  number  of  vectors  (0  or  more)  in 
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a  given  group.  The  vectors  to  be  modified  are 
presented  in  an  array  the  size  of  which  must  be 
given.  Each  array  must  be  of  contiguous  vectors, 
with  the  number  of  the  first  vector  to  be  changed, 
given.  There  may  be  more  than  one  call  to  gdedvectO 
for  a  given  group  since  all  vectors  to  be  changed  are 
not  likely  contiguous. 

gdedivec ( ) : 

This  routine  is  like  gdedvectO  but  the  vectors  are 
invisible  vectors. 

gdedtext  ( )  : 

This  routine  edits  a  series  of  contiguous  characters 
of  a  text  string.  The  number  of  the  first  character 
of  the  series  must  be  given  to  the  routine  along  with 
the  number  of  characters  in  the  series  to  be  changed. 
Of  course  the  new  string  of  characters  must  also  be 
given.  Since  the  text  edit  is  a  one  for  one  charac¬ 
ter  replacement  the  new  string  must  be  the  same 
length  as  the  old  string.  There  may  be  more  than  one 
gdedtextO  call  per  group. 


gdedsubp ( )  : 

This  routine  edits  the  subpictures  to  be  called  from 
the  group.  The  subpictureB  are  presented  in  an  ar¬ 
ray,  the  size  of  which  must  be  given.  The  subpic¬ 
tures  to  be  edited  must  be  contiguous,  and  the  number 
of  the  first  subpicture  of  the  set  must  be  given. 
There  may  be  more  than  one  gdedsubpO  call  per  group. 


2.4  Special  Purpose  Rout ines 


The  following  two  routines  are  not  part  of  the  library 
itself  but  their  functions  are  very  basic  and  therefore  the 
routines  are  appended  to  applications  programs  along  with  the 
graphics  di vplay  library.  The  special  purpose  routines  are 
written  us'.ng  the  graphics  display  library  routines. 


2.4.1  Dashed  Lines 


Part  of  the  background  display  for  the  air  traffic  con¬ 
troller  scenario  requires  dashed  lines.  Several  graphics 
software  packages  include  a  routine  to  do  this  but  as  the 
graphics  display  library  consists  of  the  more  fundamental  draw¬ 
ing  commands  the  routine  has  been  written  separately.  The 
routine  may  be  of  use  to  programs  other  than  the  air  traffic 
controller  simulation  program  so  it  was  written  as  an  external 


subrout ine  . 


The  dashed  routine,  called  gddash.c  (Appendix  5),  is 
passed  the  x  and  y  coordinates  of  the  position  at  which  the 
line  is  to  begin  and  of  the  position  at  which  the  line  is  to 
end.  The  dashed  line  is  created  by  drawing  a  visible  vector 
|  and  then  an  invisible  vector  sequentially  until  the  line  is 

completed.  The  length  of  the  dash  is  constant  no  matter  what 
the  slope  of  the  line  is.  There  are  slight  differences  in  the 
implementation  of  the  basic  routine  depending  on  whether  the 
line  is  to  be  of  a  horizontal  nature  (-1  <  slope  <  1)  or  of  a 
vertical  nature,  or  whether  the  line  is  to  be  drawn  left  to 
right  or  right  to  left  if  horizontal,  or  top  to  bottom  or  bot¬ 
tom  to  top  if  vertical. 


2.4.2  Circles 


The  ability  to  draw  circles  is  another  general  require¬ 
ment  that  may  be  desired  by  other  programs  at  a  future  date  so 
the  circle  routine  is  separate  from  the  air  traffic  controller 
simulation  program. 

The  circle  routine,  called  gdcirc.c  (Appendix  6),  is 
given  the  coordinates  for  the  center  of  the  desired  circle,  the 
radius  of  the  circle  (where  a  radius  of  512  units  is  the  larg¬ 
est  possible  circle),  the  number  of  vectors  used  to  draw  the 
circle  (the  more  vectors  the  smoother  the  curve),  and  the 
number  of  vectors  to  draw  before  skipping  a  vector  (if  a  dashed 
circle  is  desired).  With  this  information  the  routine  follows 
a  loop  that  calculates  and  writes  the  vectors  to  the  display, 
creating  the  circle. 


2 . 5  Summary 


The  library  routines  are  simple,  straightforward  and 
easy  to  use. 

Although  the  display  library  itself  does  not  include 
specialized  routines  such  as  the  routine  to  draw  dashed  lines 
and  the  routine  to  draw  a  circle,  using  the  routines  in  the 
library,  it  is  a  straightforward  matter  to  write  any  required 
specialized  routines.  Once  these  routines  are  written  they  can 
be  appended  to  the  calling  program  or  even  added  to  the  display 
library. 


Consistency  among  the  library  routines  was  emphasized. 
For  example  all  information  for  vectors,  groups,  strings,  and 
subpictures  must  be  presented  as  arrays.  The  processing 


overhead  has  been  minimized  to  allow  programs  using  the  library 
routines  to  run  with  as  little  delay  as  possible.  It  is  bene¬ 
ficial  that  the  same  library  of  routines  can  be  used  to  display 
on  the  raster  CRT  or  the  vector  CRT,  with  the  differences  in 
manipulating  the  two  CRTs  transparent  to  the  user.  The  library 
of  routines  provides  an  effective  base  for  display  depiction. 

Appendix  1  is  a  complete  listing  of  the  library  of 
display  routines. 


CHAPTER  3 


I 


THE  AIR  TRAFFIC  CONTROLLER  SCENARIO 

3.1  General  Area  Air  Traf f ic  Controller  (Jurisdiction  and 
Duties) 
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The  purpose  of  the  air  traffic  controller  is  to  ensure 
the  safe,  orderly  and  expeditious  flow  of  air  traffic  so  he 
must  ensure  that  aircraft  do  not  come  close  enough  to  each 
other  to  pose  danger  of  collision.  Secondary  objectives  of  the 
air  traffic  controller  include  avoiding  delays  to  aircraft, 
reducing  fuel  consumption  and  minimizing  noise  to  people  on  the 
ground . 


The  goal  of  maintaining  a  safe  flow  of  air  traffic  is 
achieved  by  preserving  separation  standards.  The  separation 
standards  are:  aircraft  at  the  same  horizontal  level  may  not 
pass  within  three  miles  of  one  another;  and  aircraft  separated 
by  less  than  three  miles  horizontally  must  be  at  least  1000 
feet  apart  vertically.  If  two  aircraft  come  within  the  dis¬ 
tance  of  separation  standards  they  are  within  "airmiss"  dis¬ 
tance.  Airmisses  are  recorded  as  they  may  be  of  interest  if 
there  are  adverse  effects  on  the  flight  crew  or  if  any 
avoidance  manoeuvre  injures  crew  or  passengers  or  damages  the 
aircraft.  [21] 

Air  traffic  control  consists  of  more  than  one  task, 
carried  out  by  different  controllers.  For  one  task,  involving 
ground  movement  control,  the  controller  is  responsible  for 
directing  any  traffic  (aircraft,  cars,  fire  engines,  towing 
vehicles)  using  the  runways  and  taxiways.  For  another  task, 
involving  approach  control,  the  controller  is  concerned  with 
the  horizontal  and  vertical  separation  of  the  aircraft,  and  the 
flight  paths  which  they  should  follow  to  approach  the  runway  in 
the  immediate  vicinity  of  the  airport.  There  are  other  types 
of  controllers  but  only  one  more  controller  task  will  be  dis¬ 
cussed:  the  task  considered  for  this  study  of  general  area  air 
traffic  control. 

The  colour  graphics  developed  for  the  study  are  intend¬ 
ed  to  assist  this  general  area  air  traffic  controller  in  his 
task  to  control  all  aircraft  in  a  given  area.  Usually  the  gen¬ 
eral  area  air  traffic  controller  views  a  15  nautical  mile  ra¬ 
dius,  but  his  responsibilities  are  normally  for  a  10  nautical 
mile  radius.  He  is  situated  at  the  center  of  his  circle  of 
responsibility,  and  all  aircraft  within  the  10  nautical  mile 
radius  circle,  at  any  altitude,  must  allow  control  by  him.  All 
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aircraft  outside  the  10  but  inside  the  15  nautical  mile  radius 
circle  that  are  flying  over  6000  feet  must  also  allow  control 
by  the  general  area  controller.  Aircraft,  usually  small  air¬ 
craft,  flying  under  6000  feet  are  in  uncontrolled  air  space. 
They  must  follow  the  standard  rules  but  only  use  the  controller 
when  they  require  assistance.  These  small  aircraft  must  be 
visible  to  the  air  traffic  controllers  by  radar  so  that  other 
aircraft  under  control  can  be  advised  of  their  presence  if 
necessary . 


3  •  2  Background  Display 


In  order  to  aid  the  general  area  air  traffic  controller 
a  suitable  display  background  is  required.  Figures  1  through  6 
exhibit  the  background. 

The  background  display  contains  the  10  and  15  nautical 
mile  radius  circles  of  interest  to  the  air  traffic  controller. 
On  the  outer  circle  are  the  degrees  relative  to  north  that  are 
used  by  the  controller  when  determining  the  direction  in  which 
the  aircraft  is  going.  The  beacons  towards  which  aircraft  fly 
are  indicated.  As  the  area  depicted  is  the  Ottawa  area  there 
is  a  TACAN  (Tactical  air  navigation)  beacon,  a  VORTAC  ( VHF 
Omnidirectional  Range/TACAN)  beacon,  and  two  non-directional 
beacons  (NDB)  [15].  The  NDB's,  or  omnidirectional 
transmitters,  give  directional  information.  The  location  of 
the  beacons  is  known,  the  direction  of  its  emitted  signal  can 
be  determined,  and  therefore  the  aircraft  bearing  can  be  calcu¬ 
lated.  The  TACAN  is  a  military  omnibearing  and  distance  meas¬ 
urement  system.  Aircraft  range  can  be  determined  from  the 
pulse  emitted  from  the  beacon.  VORTAC  is  the  colocation  of  VOR 
and  TACAN.  VOR  is  similar  to  NDB  so  the  bearing  and  range  can 
be  determined  with  the  VORTAC.  Aircraft  fly  along  airways  but 
in  the  Ottawa  area  the  airways  overlap  considerably  so  the  air¬ 
way  is  depicted  by  a  line  down  its  center  and  by  the  dashed 
line  as  shown  on  the  display. 

In  order  to  give  the  controller  some  reference  to  the 
positions  of  the  aircraft  the  major  terrain  features  are  denot¬ 
ed.  These  include  the  Ottawa  River,  the  Gatineau  River,  the 
Rideau  River,  and  some  of  the  Gatineau  hills. 


Air  traffic  controllers  receive  weather  reports  on  a 
continual  basis  by  radio  transmissions  from  meteorologists.  In 
order  to  assist  the  controller  the  more  important  weather 
fronts  are  included  on  the  display.  A  very  slow  moving  weather 
front  has  been  indicated  on  the  Ottawa  area  display  along  with 
the  direction  the  front  is  moving.  The  weather  front  does  not 
move  during  the  simulation  as  they  only  travel  from  10  to  25 
miles  per  hour,  depending  on  the  type  of  weather  mass,  and 


this  would  not  be  noticeable  during  the  one  or  two  minute  simu¬ 
lation.  The  weather  information  is  included  to  indicate  the 
amount  of  clutter  it  adds  to  the  display.  Different  patterns 
would  represent  different  types  of  weather  and  these  would  be 
known  to  the  air  traffic  controllers. 

The  runways  and  the  control  tower  are,  of  course,  in¬ 
cluded  in  the  background  display  as  they  are  very  important  to 
the  air  traffic  controller. 

The  details  included  in  the  background  are  the  most 
distinctive  characteristics  of  the  Ottawa  area.  It  would  not 
be  difficult  to  include  other  items,  for  example,  military  test 
sites  over  which  to  avoid  flying,  or  other  airports  in  the 
area . 


3 . 3  Opinions  on  the  Use  of  Colour 

The  availability  of  colour  graphics  has  led  to  ques¬ 
tions  of  its  use  in  air  traffic  control.  Would  colour  graphics 
be  cost  effective?  Would  colour  hinder  the  air  traffic  con¬ 
troller  more  than  aid  him?  Would  colour  be  redundant?  What  is 
the  most  effective  use  of  colour?  Several  authors  have  com¬ 
mented  on  these  questions. 

Lucas  [16]  states  that  it  is  well  known  that  the  human 
eye  can  distinguish  differences  in  colours  more  readily  than 
differences  in  grey  levels  so  colour  should  be  considered. 

Christ  and  Teichner  [7]  tested  the  effects  of  colour  on 
visual  search  and  identification  performance.  The  results  led 
to  the  opinion  that  colour  is  superior  to  size,  brightness,  and 
shape  as  unidimensional  target  features,  but  inferior  to  al¬ 
phanumeric  symbols,  especially  with  increased  task  complexity. 
Unidimensional  means  differing  from  each  other  in  terms  of  only 
I  one  stimulus  dimension;  all  other  attributes  of  the  targets 

are  held  constant.  The  reason  colour  seemed  inferior  to  al¬ 
phanumeric  symbols  is  perhaps  the  fact  that  the  users  were  fam¬ 
iliar  with  the  practice  of  identifying  alphanumeric  symbols. 
The  general  feeling  of  the  users  was  that  colour  in  displays  is 
less  monotonous,  and  that  it  produces  less  eye  strain  and  fa- 
I  tigue.  However,  the  authors  felt  colour  interfered  with  the 

ability  to  discriminate  other  target  dimensions  in  that  colour 
distracts  the  observer  so  that  he  does  not  attend  to  other 
events  on  the  screen. 

Hopkin  [12]  suggests  colour  may  be  used  to  indicate: 

I  1)  climbing  or  descending  or  level  aircraft, 

2)  aircraft's  height  band, 

3)  aircraft  being  handed  over  to  another  controller, 


4)  eastbound  or  westbound  aircraft, 

5)  aircraft  on  potential  collision  courses, 

6)  supersonic  or  subsonic  aircraft, 

7)  aircraft  requiring  co-ordination  or  liaison. 

Hopkin  feels  none  of  these  uses  is  obviously  supreme,  however 
none  of  them  have  been  fully  tested  for  effectiveness.  He  sug¬ 
gested  that  some  of  the  demonstrated  advantages  of  colour  may 
come  not  from  its  value  as  a  visual  code  but  from  enhanced 
motivation,  attention  and  articulation  associated  with  its 
pleasing  appearance.  Apparently  air  traffic  controllers  parti¬ 
cipating  in  the  testing  of  a  visual  search  task  showed  a  signi¬ 
ficant  improvement  using  colour  instead  of  monochrome  displays, 
by  reducing  search  time,  but  not  by  increasing  accuracy.  It 
was  recommended  that  colour  as  a  non-r edundant  code  should  be 
tested  in  cluttered  display  conditions  as  perhaps  then  the 
benefits  of  colour  would  show  up. 

Hopkin  also  concluded  that  people  often  believe  they 
work  better  with  colour  displays  but  this  belief,  being  illuso¬ 
ry,  could  also  be  dangerous  because  they  may  rely  too  heavily 
on  colour.  The  air  traffic  controller  may  rely  too  heavily  on 
the  screen  indicating  problems  in  red,  for  example,  and  there¬ 
fore  miss  a  problem  that  did  not  show  in  red.  The  controller 
may  scan  the  screen  less  frequently  and  become  reliant  on  the 
red  indicators. 

If  the  colours  chosen  for  screen  items  are  not  optimum 
then  items  in  different  colours  may  seem  more  disimilar  than 
they  are  and  items  in  the  same  colour  may  be  equated  more  than 
they  should  be.  Blinking  information  may  be  used  instead  of 
colour  to  attract  the  attention  of  the  air  traffic  controller. 
Although  blinking  information  could  be  found  quickly  it  could 
prove  irritating  and  distracting  if  it  persisted  for  some  time. 

Hopkin  concluded  colour  graphics  is  much  more  costly 
than  monochrome  graphics  so  the  improved  performance  of  the  air 
traffic  controllers  must  be  significant  before  colour  should  be 
used.  He  forecasts  studies  will  continue  into  the  various  uses 
of  colour,  and  their  cost  effectiveness.  There  is  an  increas¬ 
ing  availability  of  cheaper  raster  technology  displays  primari¬ 
ly  due  to  decreasing  prices  for  RAM. 

3.4  The  Use  of  Colour  to  Avoid  Collisions 


One  of  the  most  important  areas  in  which  to  use  colour 
is  in  averting  potential  aircraft  collisions.  The  general  area 
air  traffic  controller  situation  has  been  chosen  to  demonstrate 
the  effectiveness  of  using  colour  to  highlight  potential 
danger.  The  colours  available  are  green,  red,  orange,  amber 
and  yellow.  The  raster  graphics  subsystem  has  potential  for 


blue  and  purple  but  the  vector  graphics  subsystem  does  not.  As 
the  two  subsystems  are  to  be  treated  the  same  to  allow  a  com¬ 
parison  only  the  vector  graphics  subsystem  colours  are  used. 
(When  comparing  the  vector  and  raster  subsystem  it  is  ack¬ 
nowledged  that  the  raster  subsystem  has  the  added  advantage  of 
additional  colours.)  Green  is  quite  different  from  the  other 
four  colours  so  it  has  been  chosen  for  the  background.  The 
aircraft  are  red,  orange  or  amber.  Yellow  has  been  chosen  for 
the  runways  and  control  tower,  so  they  would  stand  out  from  the 
background.  Yellow  may  be  too  close  in  colour  to  orange  and 
amber  but  the  choices  were  limited. 

The  air  traffic  controller  views  the  display  containing 
the  position  information  of  the  aircraft  and  if  he  observes  a 
potential  collision  he  will  notify  the  aircraft  involved  of  a 
recommended  new  bearing  and  new  speed  to  follow.  The  controll¬ 
er  can  then  watch  the  effect  of  the  change  on  the  display.  The 
photographs  of  the  display  shown  in  Figure  1  and  Figure  3  show 
typical  settings  of  the  colour  displays.  The  aircraft  are  dep¬ 
icted  by  a  "+"  associated  with  a  flight  number  and  a  flight 
level.  The  flight  number  includes  two  letters  indicating  the 
airline  and  three  numbers  identifying  the  aircraft,  for  example 
"AC  123".  The  flight  level  is  a  number  representing  hundreds 
of  feet,  for  example  80  would  mean  8000  feet.  The  flight  in¬ 
formation  is  depicted  in  the  same  colour  as  the  aircraft. 

It  was  decided  that  the  best  way  to  use  colour  to  make 
the  air  traffic  controller  aware  of  potential  collisions  was  to 
display  in  red  all  aircraft  within  airmiss  distance  of  another 
aircraft.  Aircraft  within  two  times  airmiss  distance  of  anoth¬ 
er  aircraft  would  be  displayed  in  orange  as  they  may  soon  ap¬ 
proach  a  dangerous  separation.  All  aircraft  not  in  any  poten¬ 
tial  danger  would  be  displayed  in  amber. 

When  determining  the  colour  of  the  aircraft  only  the 
horizontal  airmiss  distance  is  considered.  As  the  purpose  of 
the  study  is  to  evaluate  how  well  colour  informs  the  air  traff¬ 
ic  controller  of  aircraft  in  potential  danger  it  was  decided  to 
assume  aircraft  at  any  altitude  were  to  be  considered.  There 
is  the  requirement  to  warn  pilots  of  horizontal  airmiss  infrac¬ 
tions  even  if  the  altitudes  are  different  because  the  height 
information  may  be  in  error  or  the  aircraft  might  be  in  the 
process  of  climbing  or  descending.  Using  red  to  indicate  the 
aircraft  in  the  most  immediate  danger  was  the  obvious  choice  as 
air  traffic  controllers  normally  associate  red  with  danger. 
Red  is  the  colour  most  likely  to  attract  their  attention. 
Amber  and  orange  are  colours  associated  with  caution.  Amber 
contains  less  red  than  orange  does  so  is  not  likely  to  attract 
the  air  traffic  controller's  attention  as  readily  as  orange. 
The  varying  amounts  of  red  content  in  the  colour  of  the  air¬ 
craft  imply  correspondingly  varying  amounts  of  attention  re¬ 
quired  . 


As  aircraft  travel  over  the  display  they  change  to  red, 
orange  or  amber  as  their  distances  from  other  aircraft  change. 
Eight  aircraft  are  depicted  in  one  simulation.  With  only  eight 
aircraft  the  air  traffic  controller  can  probably  determine  in 
advance  which  ones  will  turn  red.  However  when  twenty-four 
aircraft  are  depicted  there  are  too  many  aircraft  to  scan  so 
without  the  benefit  of  the  aircraft  turning  red  when  in  poten¬ 
tial  danger  some  possible  airmiss  situation  might  be  over¬ 
looked.  Even  with  only  eight  aircraft  the  occasional  near  miss 
may  be  overlooked  so  the  addition  of  colour  is  a  definite  im¬ 
provement.  The  analysis  of  the  benefits  of  a  colour  display 
compared  with  a  monochrome  display  is  presented  in  Chapter  8. 

3.5  Obtaining  Position  Data  in  Reality 


In  a  real  situation,  rather  than  simulation,  the  loca¬ 
tions  of  the  aircraft  are  obtained  from  radar.  A  rotating 
antenna  sends  out  pulses  and  measures  the  time  for  the  pulse  to 
return.  On  the  radar  screen  this  information  is  plotted  as  a 
distance  from  center.  Some  pulses  returned  may  be  false  infor¬ 
mation  if  the  pulses  are  returned  from  weather  masses,  ground 
clutter,  or  buildings.  To  minimize  this  false  alarm  rate  the 
signal  threshold  should  be  set  high  enough  to  eliminate  most  of 
the  false  pulses  but  low  enough  to  not  block  aircraft  informa- 
t  ion . 

The  aircraft  position  data  can  be  extracted  from  the 
radar  screen  manually  with  the  advantage  that  false  pulse  re¬ 
turns  can  be  detected  and  discarded  by  experienced  operators. 
The  disadvantages  are  the  chance  of  human  error,  and  the  in¬ 
feasibility  of  manually  entering  the  data  in  the  computer. 

Plot  extractors  can  also  be  used  to  retrieve  the  radar 
screen  position  data.  This  electronic  method  cannot  detect  all 
false  alarms  but  human  error  is  eliminated.  A  track  initiator 
indicates  the  aircraft  track  or  path  and  only  aircraft  would 
have  a  track  so  other  pulse  data  can  be  eliminated.  Once  the 
radar  aircraft  position  is  known,  the  format  of  this  data  can 
be  used  by  the  computer  and  with  minor  calculations  be 
transformed  to  information  to  be  put  on  the  display. 


CHAPTER  4 


CALCULATIONS  FOR  A  MOVING  DISPLAY 


4 . 1  Path  Calculations 


After  deciding  on  the  needs  of  the  general  area  air 
traffic  controller  the  format  of  the  background  display  was 
decided.  Then  the  method  of  representing  aircraft  in  the  area 
and  the  best  use  of  colour  for  the  scenario  was  chosen.  The 
next  step  was  to  show  the  aircraft  moving.  The  position 
changes  of  the  aircraft  could  not  be  random  because  in  reality 
aircraft  follow  some  sort  of  path.  It  was  decided  to  have  the 
aircraft  each  follow  a  straight  line.  The  equations  required 
to  implement  a  series  of  straight  lines  are  easily  derived. 
Hyperbolic  or  elliptic  paths  were  considered,  but  in  the  case 
of  an  aircraft  passing  through  the  area  of  the  display  the 
straight  line  is  the  best  approximation  of  its  route.  In  addi¬ 
tion,  more  complex  paths  would  require  more  time  to  produce  a 
routine  to  implement  them  and  the  computer  would  use  more  exe¬ 
cution  time. 

The  equations  used  in  determining  the  next  positions  of 
the  aircraft  will  now  be  developed  using  the  following  vari¬ 
ables  : 

yc  ■  the  current  y  value, 
xc  ■  the  current  x  value, 
yn  *  the  new  y  value, 
xn  ■  the  new  x  value. 

p  ■  the  distance  between  the  current  coordinate  and 
the  new  coordinate  (in  pixels  or  units), 
m  “  the  slope  of  the  line  of  travel. 

It  is  known  that  the  distance  between  two  points  is: 


(4.1)  p 


/(xc  -  xn 


) 


2 


+ 


The  slope  of  a  line  is: 


(4.2)  m  ■  (yc  -  yn)  /  (xc  -  j 


From  this  follows: 


(4.3)  xc  -  xd  ■  (yc  /  m)  -  (yn  /  m) 

The  following  three  equations  lead  to  determining  yn 

(4.4)  p2  ■  ((-yn  /  m)  +  (yc  /m))2  +  (yc  -  yn)2 

(4.5)  p2  ■  yn^  /  m2  -  2(yn)(yc)  /  m2  +  yc2  /  m2  + 

2  2 
yc  -  2(yn) (yc)  +yn 

(4.6)  0  «  yn2(l  +  1  /  m2)  + 

2 

yn ( -2 ( yc )  -  2(yc)  /m  )  + 

.  2  2.2  2. 

(yc  +  yc  /  m  -  p  ) 

From  this  use  the  quadratic  formula  to  determine  yn: 

(4.7)  yn  *  (-b  +  if  b2  -  4ac)  /  2a 


Where : 


(4.8) 

,  i  /  2 

a  ■  1  +  1  /  m 

(4.9) 

b  “  -2(yc)a 

(4.10) 

c  ■  (yc2)a  -  p 

Once  yn  has  been  determined  xn  can  be  calculated  from  (4.2): 


(4.11)  xn  ■  (yn  -  yc  +m(yc))  /  m 


The  (xn,  yn)  coordinate  is  the  new  position  of  the  aircraft  and 
each  aircraft  runs  through  a  loop  of  40  changes. 


4 . 2  Proximity  Calculations 


Aircraft  that  are  within  airmiss  distance  of  another 
aircraft  are  displayed  in  red,  those  within  twice  airmiss  dis¬ 
tance  are  orange,  and  all  others  are  amber.  Three  miles  of 
horizontal  separation  with  respect  to  distance  on  the  display 
screen  is  approximately  40  pixels  (picture  elements)  on  the 
raster  display,  or  equivalent  distance  on  the  vector  display. 
Although  the  vector  display  does  not  have  pixels  the  screen  has 
been  treated  as  though  it  were  of  the  size  1024  units  by  1024 
units.  Therefore  the  size  of,  or  a  position  on,  the  vector 
display  may  be  treated  the  same  as  the  raster  display.  So  an 
aircraft  position  determined  to  be  less  than  or  equal  to  40 
pixels  or  units  from  another  aircraft  position  on  the  screen  is 
illustrated  in  red.  The  aircraft  is  displayed  in  orange  if  more 
than  40  pixels  or  units  but  less  than  or  equal  to  80  pixels  or 
units  from  another  aircraft.  If  the  aircraft  is  not  calculated 
to  be  orange  or  red  then  it  is  displayed  amber.  All  possible 
pairs  of  aircraft  are  considered  when  determining  the  colour. 
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CHAPTER  5 


RUNNING  SPEED 


5 • 1  Speed  of  Aircraft 


The  speeds  at  which  the  aircraft  appear  to  be  travel¬ 
ling  are  in  fact  dependent  on  the  time  taken  to  do  the  calcula¬ 
tions  for  a  moving  display,  execute  the  front-end  graphics 
routines,  and  go  through  the  Visual  Data  Processor  (VDP).  On 
the  Raster  Graphics  Subsystem  (RGS)  the  front-end  graphics 
routines  take  more  time  as  there  is  an  added  package  to  make 
the  RGS  operate  like  the  Vector  Graphics  Subsystem  (VGS).  As 
it  was  not  known  before  programming  the  simulation  how  much 
time  would  be  spent  in  each  of  these  phases  it  was  not  known  in 
advance  at  what  speeds  the  aircraft  would  appear  to  travel.  A 
variable  ("p")  for  each  aircraft  has  a  value  indicating  the 
number  of  pixels  or  units  to  be  skipped  with  each  aircraft 
position  move.  The  "p"  values  were  modified  to  make  the  speeds 
of  the  aircraft  on  the  raster  system  appear  realistic.  Speeds 
of  aircraft  can  be  changed  dynamically  through  interaction  as 
described  in  Chapter  7. 

The  effective  speeds  of  the  aircraft  on  the  RGS  were 
calculated  as  follows.  The  time  taken  for  all  the  aircraft  to 
move  40  times  was  103  seconds.  The  radii  of  the  distance  cir¬ 
cles  in  the  background  display  are  known,  giving  the  estimate 
that  6.3  inches  represents  22.9  miles.  This  ratio  is  used  to 
determine  the  distance  in  miles  each  aircraft  travelled,  know¬ 
ing  the  number  of  inches  it  covered  on  the  screen.  103  seconds 
is  .0286  hours  so  dividing  the  miles  by  this  value  will  give 
the  speed  in  miles  per  hour.  The  speeds  of  the  following  six 
aircraft  for  reasonable  "p"  values  are  as  follows: 

AC  441  covered  5.0  inches  which  represent  18.2  miles 
therefore  travelled  at  636  miles  per  hour. 

EA  123  covered  7.6  inches  which  represent  27.6  miles 
therefore  travelled  at  965  miles  per  hour. 

GX  741  covered  8.1  inches  which  represent  29.4  miles 
therefore  travelled  at  1028  miles  per  hour. 

AC  164  covered  2.0  inches  which  represent  7.3  miles 
therefore  travelled  at  255  miles  per  hour. 

AC  111  covered  4.3  inches  which  represent  15.6  miles 

therefore  travelled  at  545  miles  per  hour. 
Note  that  GX  741  travelling  at  1028  miles  per  hour  is  faster 
than  a  normal  aircraft  speed.  This  fast  speed  was  included  to 
allow  a  wide  range  of  travelling  speeds  to  be  viewed. 

Similarly  the  effective  speeds  of  the  aircraft  on  the 


VGS  can  be  calculated.  The  aircraft  each  moved  the  same  dis¬ 
tance  and  the  same  number  of  times  as  on  the  RGS,  but  the 
elapsed  time  was  only  55  seconds  (or  .0153  hours).  The  elapsed 
time  is  less  because  the  series  of  routines  required  to  make 
the  graphic  instructions  acceptable  for  the  RGS  are  not  re¬ 
quired.  The  speed  of  the  same  six  aircraft  without  altering 
the  "p"  values  are  as  follows: 

AC  441  travelled  at  1191  miles  per  hour. 

GA  123  travelled  at  1804  miles  per  hour. 

GX  741  travelled  at  1922  miles  per  hour. 

AC  164  travelled  at  477  miles  per  hour. 

AC  111  travelled  at  1020  miles  per  hour. 

The  speeds  are  too  fast  to  be  realistic  but  the  "p" 
variables  that  alter  the  effective  speeds  were  not  changed  to 
allow  a  more  accurate  comparison  between  the  vector  and  raster 
displays.  If  parallelism  with  the  raster  display  was  not 
necessary  the  "p"  variables  could  easily  have  been  altered  to 
make  the  effective  aircraft  speeds  on  the  vector  display  more 
realistic.  If  a  real  air  traffic  control  situation,  rather 
than  a  simulation,  was  in  effect  then  the  VGS  would  give  a  more 
accurate  depiction  than  the  RGS  since  position  information 
received  from  radar,  for  example,  could  be  displayed  with  less 
delay  on  the  VGS.  The  RGS  would  always  be  displaying  the  true 
aircraft  positions  a  few  seconds  late,  since  the  extra  time 
would  be  required  to  process  the  data  through  the  front-end 
routines  described  in  section  9.1. 


5 • 2  Improved  Running  Speed  by  Other  Methods 


Delays  in  processing  new  aircraft  position  data  could 
be  the  result  of: 

1)  The  mathematical  calculations, 

2)  The  front-end  graphics  routines  (in  the  case 
o f  the  RGS ) , 

3)  The  VDP  firmware  routines. 

In  the  event  that  delays  caused  by  1)  might  be  significant, 
methods  of  obtaining  future  aircraft  positions  other  than 
through  calculations  once  the  aircraft  are  ready  to  move,  were 
implemented.  The  calculations  were  completed  in  advance  and 
all  future  moves  were  stored  in  a  database  to  be  retrieved  from 
disk  when  needed.  As  an  alternative,  should  the  disk  retrieval 
time  prove  to  be  significant,  the  database  of  information  for 
moving  the  aircraft  was  stored  in  an  array  in  the  simulation 
program.  Neither  of  these  approaches  proved  to  be  necessary  as 
the  limiting  factor  turned  out  to  be  the  VDP  firmware  routines 
and  the  front-end  graphics  routines. 


5  •  3  Timings 


Since  decreasing  the  time  spent  on  the  calculations  to 
move  the  aircraft  did  not  affect  the  effective  speed  of  the 
aircraft,  the  time  spent  in  the  VDF  and  in  the  front-end  graph¬ 
ics  routines  vas  evaluated. 

The  UNIX  "time"  command  vas  used  to  time  the  moving 
aircraft  program  (atcint.c.  Appendix  2)  running  on  the  RGS .  No 
interaction  vas  effected  during  the  timing.  The  timings  vere 
as  f o 1 1 o vs  (minutes : seconds )  : 

real  -  1:50.0 

user -  3.7 

8  y  s  -  11.7 

"Real"  indicates  the  elapsed  time;  "user"  indicates  the  time 
spent  executing  in  user  mode;  "sys”  indicates  the  time  spent 
executing  in  system  mode.  The  elapsed  time  measurement  is  of 
greatest  interest. 

To  assess  the  portion  of  this  total  elapsed  time  that 
vas  spent  in  the  VDP  the  moving  aircraft  program  vas  run  in  a 
vay  such  that  all  the  output  that  vould  go  to  the  RGS  VDP  to  be 
processed  for  the  raster  display  vas  discarded  as  it  vas  re¬ 
ceived.  The  front-end  routines  (section  9.1)  vere  Btill  in  use 
during  this  timing.  The  timings  of  the  moving  aircraft  program 

run  under  these  conditions  vere  as  follovs: 
real  —  1:08.0 

user -  3 . 6 

8  y  8  12.2 

Therefore  approximately  42  seconds  are  spent  vaiting  for 
softvare  to  execute  in  the  VDP. 

Finally  to  determine  the  time  spent  in  the  front-end 
routines  (described  in  section  9.1)  the  moving  aircraft  program 
running  on  the  RGS  vas  timed  as  it  discarded  VDP  output  and 
bypassed  the  front-end  routines.  The  resultant  timings  vere  as 
follovs : 

real -  7 . 0 

user -  3 .6 

sys  -  2 .8 

Without  the  VDP  or  the  front-end  routines  there  is,  of  course, 
no  output  to  the  colour  display.  Hovever  it  is  interesting  to 
note  that  so  much  time  is  spent  in  each  of  the  VDP  and  the 
front-end  routines.  The  VDP  takes  42  seconds  of  the  program's 
running  time  and  the  front-end  routines  take  another  61 
seconds;  the  actual  running  of  the  atcint.c  program  is  only  7 
second  s . 


The  same  "time"  function  determined  the  time  required 
to  run  the  moving  aircraft  program  (atcint.c),  vith  no  interac¬ 
tion,  for  the  VGS  to  be  as  follovs: 


real 

user 


55.0 

user -  4. 0 

s  y  s  6.2 

Of  course  the  front-end  routines  described  in  section  9.1  are 
not  used  for  the  VGS .  Therefore  the  "real"  time  for  running  on 
the  VGS  should  be  approximately  61  seconds  less  than  the  "real" 
time  for  running  on  the  RGS .  Indeed  1:50.0  minus  55.0  is  55.0 
seconds . 

The  above  timings  indicate  why  the  general  area  air 
traffic  controller  simulation  is  shorter  on  the  vector  display 
than  on  the  raster  display.  The  time  measurements  noted  above 
demonstrate  the  computational  penalties  involved  in  complex 
graphics,  especially  those  involving  raster  systems. 
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CHAPTER  6 


THE  SECONDARY  DISPLAY 


6 . 1  The  Secondary  Display 


In  addition  to  the  primary  display  depicting  the  moving 
aircraft,  the  air  traffic  controller  may  require  supplementary 
information,  but  to  include  information  such  as  destination, 
speed  or  type  of  aircraft  would  clutter  the  main  display.  For 
supplementary  information,  air  traffic  controllers  currently 
use  flight  progress  strips  which  are  small  strips  of  paper  that 
have  the  extra  flight  information  written  on  them.  A  more  con¬ 
venient  technique  is  to  use  a  secondary  display  that  lists 
extra  information  about  each  aircraft.  The  secondary  display 
can  be  displayed  whenever  the  information  is  required  so  there 
is  no  need  to  fumble  with  bits  of  paper;  and  if  changes  in  air¬ 
craft  data  occur  the  secondary  display  can  easily  be  modified. 
A  suitable  secondary  display  has  been  presented  and  contains 
the  following  information:  (Appendix  3  is  a  listing  of  the 
routine  that  draws  the  secondary  display  and  Figure  7  shows  the 
result .  ) 

1)  The  flight  number  or  id  identifies  the  aircraft  to 
which  the  adjacent  information  applies. 

2)  The  flight  level  (FL)  denotes  the  altitude  at 
which  the  aircraft  is  flying,  in  hundreds  of  feet. 

3)  The  cleared  flight  level  is  included  if  the  air¬ 
craft  has  permission  to  change  altitudes. 

4)  The  type  of  aircraft  indicates  if  the  aircraft  is 
a  DC9,  a  Boeing  707,  a  DC10  or  one  of  a  number  of  other 
types . 

5)  The  source  denotes  the  airport  at  which  the  air¬ 
craft  began  its  flight.  These  are  represented  by  the  air¬ 
port  codes,  some  of  which  are  listed  in  Appendix  4. 

6)  The  destination  denotes  the  airport  at  which  the 
aircraft  is  to  end  its  flight,  once  again  represented  by 
the  airport  code. 

7)  The  time  of  arrival  (TOA)  indicates  the  time  the 
aircraft  is  to  arrive  at  its  destination. 

8)  The  speed  (in  miles  per  hour)  shows  how  fast  the 
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aircraft  is  travelling. 

As  the  secondary  display  is  not  the  focus  of  the  study 
the  process  of  modifying  the  secondary  display  as  changes  in 
aircraft  data  arise,  is  not  examined.  The  data  on  the  secon¬ 
dary  display  that  would  be  most  likely  to  require  modification 
is  the  aircraft  speed.  As  well,  the  flight  level,  cleared 
flight  level,  aircraft  destination,  or  time  of  arrival  might 
change  . 


For  the  secondary  display  to  have  suitable  updates  the 
program  controlling  the  movement  of  the  aircraft  on  the  primary 
display  and  the  program  displaying  the  secondary  display  would 
have  to  be  linked  together.  Any  updates  to  the  secondary 
display  would  slow  the  movement  of  the  aircraft.  To  make  full 
use  of  the  secondary  display  it  should  be  displayed  at  the  same 
time  as  the  primary  display.  This  is  only  possible  if  there 
are  two  functional  vector  or  raster  graphics  subsystems  avail¬ 
able. 


The  secondary  display  has  useful  potential.  The  data 
on  all  aircraft  are  in  the  same  place,  on  the  display,  but 
flight  strips  for  the  aircraft,  spread  across  a  table  could 
become  mixed  up  as  they  are  used.  The  secondary  display  is 
readily  available,  information  does  not  get  mixed  up  or  lost, 
and  information  on  two  or  more  aircraft  can  easily  be  compared 
because  all  information  is  grouped  together. 


CHAPTER  7 


INTERACTION 


7.1  The  Interact  ion  Scenario 


The  air  traffic  controller  observes  the  aircraft  and 
the  paths  they  follow  on  the  display.  He  can  see  when  the  pos¬ 
sibility  of  a  collision  exists  so  interaction  with  the  aircraft 
pilot  is  necessary  to  avert  the  collision.  The  air  traffic 
controller  then  informs  the  pilot  of  his  recommended  new  bear¬ 
ing,  speed  and,  ideally,  altitude.  A  method  of  simulating  this 
controller/pilot  interaction  has  been  developed  to  further 

illustrate  the  effects  of  employing  colour  in  a  collision 

prevention  scenario. 

In  this  simulation  the  user  acts  as  the  air  traffic 
controller.  The  movement  of  the  aircraft  :.s  viewed  on  the 

colour  graphics  monitor  and  the  proposed  changes  to  the  speed 
and  bearing  of  an  aircraft  are  entered  on  one  of  the  terminals. 
The  change  that  is  entered  will  be  implemented  exactly  and 
immediately.  In  reality  the  pilot  would  make  the  speed  and 

bearing  changes  as  fast  as  he  can,  allowing  for  aircraft  reac¬ 
tion  time. 

To  effect  the  change  the  user  selects  the  aircraft,  the 
new  speed,  and  the  new  bearing.  The  format  of  input  is  as  fol¬ 
lows  : 

ABC 

where  A  is  the  flight  number  of  the  aircraft 
(eg.  AC_1 23 ) , 

B  is  the  speed  in  miles  per  hour  of  the 
aircraft  (positive  integer), 

C  is  the  bearing  of  the  aircraft 

(integer  value  between  0  and  359). 

The  bearing  can  be  determined  using  the  degrees  marked  on  the 
outer  circle  of  the  display. 

The  most  effective  input  medium  is  the  terminal  since  a 
new  speed  and  bearing  must  be  entered.  However,  the  actual 
selection  of  the  aircraft  to  be  redirected  need  not  have  been 
done  by  simply  typing  the  flight  number  on  the  terminal.  The 
aircraft  could  have  been  identified  by  a  cursor  controlled  by 
the  trackball,  or  if  the  equipment  was  available  the  aircraft 
could  also  have  been  identified  by  a  light  pen  or  by  a  "posi¬ 
tion  indicator  device".  (A  position  indicator  device  allows 
the  user  to  point  to  the  displayed  information  and  a  matrix  of 
fine  luminous  beams  senses  the  location  of  the  pointing 
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finger.)  Typing  Che  flight  number  on  Che  terminal  to  identify 
the  aircraft  is,  however,  just  as  effective  as  these  other 
methods  and  was  the  one  adopted  here  for  simplicity. 


7.2  The  Convers ion  from  Input  to  Program  Dse 


The  input  by  the  user,  acting  as  the  air  traffic  con¬ 
troller,  is  in  terms  familiar  to  him.  The  computer  program 
controlling  the  movements  of  the  aircraft  (atcint.c  -  Appendix 
2)  does  not  immediately  recognize  the  form  of  the  input.  The 
following  conversions  are  necessary. 

The  flight  number  must  be  converted  to  a  subscript  (for 
eight  aircraft  the  subscripts  run  from  1  to  8).  In  order  to 
determine  which  subscript  is  applicable  the  program  runs 
through  a  loop  until  the  corresponding  flight  number  with  its 
associated  subscript  is  found. 

The  speed  of  the  aircraft  is  given  in  miles  per  hour 
but  this  must  be  converted  to  the  number  of  pixels  (on  the  ras¬ 
ter  display)  or  units  (on  the  vector  display)  to  skip  with  each 
move  of  the  aircraft.  A  good  approximation  of  the  speed  indi¬ 
cated  by  the  movement  on  the  raster  screen  is  obtained  by  di¬ 
viding  the  input  speed  by  30.  For  example  an  input  speed  of 
450  miles  per  hour  is  15  pixels  or  units. 

The  bearing  must  be  converted  to  the  slope  of  the  line 
along  which  the  aircraft  travels  and  the  direction  (up  or  down) 
travelled  along  the  line.  In  order  to  obtain  the  new  slope  the 
bearing  must  be  converted  to  an  appropriate  degree  value.  The 
tangent  of  this  degree  value  is  the  new  slope.  The  bearing  is 
taken  from  magnetic  north  which  is  13  degrees  west  of  true 
north.  The  degree  value  required  for  the  tangent  calculation 
begins  at  the  bearing  103  degrees  (ie.  90  degrees  +  13  degrees) 
and  goes  counter  clockwise.  As  a  bearing  is  read  in  a  clock¬ 
wise  direction  a  transformation  is  required: 

If  (13  £  bearing  £  103)  then  the  degree  value  is 

(103  -  bearing )  . 

If  (0  £  bearing  £  12)  or  (104  £  bearing  £  359) 

then  the  degree  value  is  (463  -  bearing). 

The  slope  of  the  path  along  which  the  aircraft  travels  is  not 
sufficient  information  to  determine  the  next  position  of  the 
aircraft.  The  aircraft  may  be  going  up  the  line  or  it  may  be 
going  down.  This  direction  can  be  obtained  from  the  bearing. 
If  the  bearing  value  is  in  the  top  half  of  the  circle  on  the 
display  describing  the  bearings  then  the  direction  is  up;  oth¬ 
erwise  the  direction  is  down.  A  quadratic  equation  is  used  to 


determine  the  next  position  of  the  aircraft  and  the  quadratic 
equation  has  a  " + "  or  " - "  in  it.  If  the  direction  is  up  the 
"+"  is  used;  if  the  direction  is  down  the  is  used.  The  top 
half  of  the  circle  is  described  by  bearings  between  0  and  103, 
and  by  bearings  between  283  and  359,  whereas  the  bottom  half  of 
the  circle  is  described  by  bearings  between  104  and  282. 

With  these  converted  values  the  quadratic  equation  to 
determine  the  next  position  of  the  aircraft  has  the  data  in  the 
proper  format . 


7.3  Delay  in  Displaying  Interactive  Input 


In  order  for  the  air  traffic  control  simulation  to  be 
effective  the  interactive  changes  to  aircraft  speed  or  bearing 
must  take  effect  without  much  delay.  In  a  real  situation  it  is 
not  physically  possible  to  have  an  aircraft  change  bearing 
instantly.  Similarly  a  new  speed  is  achieved  only  after  some 
acceleration  or  deceleration.  In  addition  to  this  the  pilot 
takes  some  time  to  initially  consider  the  suggestion,  check  his 
instruments  and  decide  on  the  exact  speed  and  course  to  follow. 
The  resultant  delay  before  a  change  has  been  completed  is  a  few 
seconds . 


The  simulation  on  the  RGS  is  somewhat  realistic  in  that 
there  is  indeed  some  delay  from  the  time  the  change  is  input  to 
the  time  it  is  noted  on  the  display.  This  delay  is  caused  by 
the  front-end  routines  described  in  section  9.1.  There  is  a 
pipe  (an  inter-process  communication  channel)  between  the  simu¬ 
lation  routine  and  the  front-end  routines.  Data  going  into  the 
front-end  routines  is  buffered  since  these  routines  cannot  pro¬ 
cess  the  data  fast  enough.  An  interactive  change  is  merely 
added  to  the  buffered  line  up,  therefore  changes  are  not  imple¬ 
mented  immediately.  This  same  phenomenon  can  be  observed  when 
the  simulation  program  has  finished  running  on  the  PDP-11/34 
but  the  display  is  still  changing. 

The  vector  display  does  not  have  this  front-end  routine 
delay  so  almost  as  fast  as  the  new  speeds  and  bearings  are 
input  the  changes  are  displayed.  The  speed  with  which  the 
changes  are  effected  is  unrealistically  fast.  Delays  could 
have  been  added  to  correct  this  but  were  not  considered  neces¬ 
sary  for  the  comparison. 

Since  there  is  a  delay  on  the  raster  system  from  the 
time  the  modifications  are  input,  to  the  actual  change  on  the 
screen,  it  might  be  necessary  for  the  air  traffic  controller  to 
initiate  some  path  alterations  when  the  aircraft  symbols  appear 
orange.  They  are  orange  if  they  are  approaching  an  airmiss 
situation.  The  orange  designation  may  be  as  important  as  the 


red  designation  to  the  air  traffic  controller. 


Even  without  the  delay  for  interactive  input  to  take 
effect  there  may  not  be  enough  time  for  the  air  traffic  con¬ 
troller  to  react  to  the  situation  when  aircraft  symbols  turn 
red.  This  would  mean  air  traffic  controllers  should  always  be 
alert  to  orange.  The  problem  with  this  is  that  orange  and 
amber  are  too  similar  to  attract  sufficient  attention  to  the 
orange.  If  they  turned  blue  or  purple  they  would  likely  be 
more  noticable  but  unfortunately  the  vector  display  does  not 
have  these  colours.  Perhaps  a  solution  would  be  to  have  air¬ 
craft  appear  red  if  less  than  twice  airmiss  distance  from 
another  aircraft  and  appear  orange  if  less  than  four  times  air- 
miss  distance  but  greater  than  twice  airmiss  distance. 


7 . 4  System  Routines  Enabling  Inter act  ion 


Interaction  is  possible  between  the  user  acting  as  air 
traffic  controller  at  the  terminal  and  the  colour  display. 
Interaction  involves  some  code  in  the  application  program 
(atcint.c,  Appendix  2),  plus  the  system  routines  inread,  c 
(Appendix  7)  and  ininit.c  (Appendix  8).  Very  simply,  the 
routine  inread. c  sends  the  lines  of  interactive  input  typed  on 
the  terminal,  via  a  UNIX  pipe  to  the  application  program  which 
was  passed  as  a  parameter  to  inread. c.  The  routine  inread. c 
notifies  the  application  program  that  it  has  input  by  sending  a 
signal  16.  The  routine  ininit.c  does  the  set  up  for  the  appli¬ 
cation  program  to  receive  the  signal  16  from  inread. c. 

An  application  program  uses  the  interactive  input  as  it 
wishes.  The  routine  atcint.c  first  checks  that  the  input  was 
valid,  then  divides  up  the  input  string  so  the  correct  portions 
are  stored  in  the  appropriate  variables.  Once  these  new  values 
are  in  the  proper  variables  the  next  access  of  these  variables 
will  cause  the  suggested  change  to  take  effect. 

Using  the  system  routines  enabling  interaction  with  the 
raster  or  vector  displays  to  introduce  interaction  capabilities 
into  the  simulation,  the  reaction  times  of  the  air  traffic  con¬ 
trollers  can  be  estimated.  It  is  possible  to  determine  the 
amount  of  time  that  passes  before  a  controller  recognizes  a 
dangerous  situation  and  suggests  evasive  action.  Similarly  it 
is  possible  to  determine  if  the  changes  were  implemented  soon 
enough  to  avoid  collision.  These  factors  were  discussed  above. 


CHAPTER  8 


MONOCHROME  VERSUS  COLOUR 


8 . 1  Description  of  the  Monochrome  Display 


In  order  to  fully  appreciate  the  improvements  achieved 
with  the  use  of  colour  the  program  allowing  interaction  between 
a  moving  display  and  an  air  traffic  controller  has  been  imple¬ 
mented  with  all  colour  designations  green.  The  result  is  a 
monochrome  display  that  can  be  compared  with  the  colour 
display.  Since  all  other  factors  are  exactly  the  same  the 
effects  of  colour  can  be  determined  without  any  bias. 

There  are  a  number  of  methods  that  could  be  used  to 
draw  the  attention  of  the  air  traffic  controller  to  potential 
areas  of  collision;  for  example  the  aircraft  in  danger  could 
have  arrows  pointing  to  them;  or  the  alphanumeric  characters 
and  aircraft  marker  "+"  representing  the  aircraft  in  danger 
could  be  displayed  in  special  or  large  type.  None  of  these 
other  methods  attracts  the  attention  of  the  air  traffic  con¬ 
troller  to  the  degree  that  the  use  of  a  distinctive  colour 
does.  These  monochrome  techniques  have  the  disadvantage  that 
the  indicators  of  danger  blend  with  the  same  coloured  back¬ 
ground  and,  therefore,  are  not  readily  visible.  The  air  traff¬ 
ic  controller  will  have  to  train  himself  to  search  for  arrows 
or  larger  lettering  as  indicators  of  danger.  It  is  clearly 
less  tiring  for  the  controller  to  simply  scan  the  screen  for 
aircraft  displayed  in  a  distinctive  colour. 

Another  method  to  highlight  the  aircraft  in  danger  on  a 
monochrome  display  is  to  have  them  flash.  The  problem  with 
this  is  that  as  all  the  aircraft  move  along  their  tracks  they 
blink  on  and  off  and  this  is  similar  to  flashing  so  it  may  con¬ 
fuse  the  air  traffic  controller. 

No  method  of  highlighting  potential  collisions  on  a 
monochrome  display  was  considered  to  be  of  much  advantage  to 
the  air  traffic  controller  so  the  monochrome  display  chosen  for 
comparison  with  the  colour  display  is  simply  the  same  as  the 
colour  version  with  all  aircraft  displayed  in  green  at  all 
t ime  s  . 


8.2  The  Compar ison 


The  colour  display  is  conclusively  more  effective  than 
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the  monochrome  display  as  can  be  seen  in  Figures  1  and  3  com¬ 
pared  with  Figures  2  and  4.  The  colours  attract  the  attention 
of  the  air  traffic  controller  and  this  is  beneficial  for  more 
than  one  reason.  The  aircraft  information  on  the  monochrome 
display  has  a  tendency  to  blend  with  the  background  informa¬ 
tion,  therefore  the  same  information  using  colour  is  less  like¬ 
ly  to  be  overlooked.  The  more  cluttered  the  background  the 
more  effective  is  the  use  of  colour.  Even  the  use  of  only  one 
extra  colour  to  allow  differentiation  between  background  and 
aircraft  is  a  definite  enhancement. 

With  the  colour  display  the  controller  does  not  have  to 
pass  judgement  on  the  distance  between  aircraft.  Using  the 
monochrome  display  the  controller  must  continuously  be  calcu¬ 
lating  approximate  distances  between  aircraft  to  determine 
those  on  which  to  concentrate.  Having  the  computer  calculate 
these  distances  and  display  the  differences  using  colour  re¬ 
lieves  much  of  the  pressure  on  the  controller;  he  knows  what 
area  of  the  screen  on  which  to  concentrate.  Using  colour  would 
therefore  be  less  fatiguing  for  the  controller.  Also,  less 
experienced  air  traffic  controllers  would  find  it  easier  to 
learn  how  to  use  the  screen  information  with  a  colour  display. 
The  less  experienced  controller  would  likely  make  fewer  mis¬ 
takes  while  he  becomes  familiar  with  the  various  aircraft  si¬ 
tuations  . 


Since  the  choice  of  colours  is  limited  to  the  few 
colours  available  on  the  vector  system  there  is  not  sufficient 
difference  between  the  depiction  of  aircraft  within  twice  air- 
miss  distance  of  other  aircraft  (orange)  and  the  depiction  of 
aircraft  not  in  any  potential  danger  (amber)  to  be  really  ef¬ 
fective.  Therefore  the  air  traffic  controller  must  still  judge 
the  shadings  of  the  aircraft.  If  optimum,  or  obviously  dif¬ 
ferent  colours  were  used  the  controller  would  not  need  to  waste 
time  wondering  if  the  colour  is  orange  or  actually  amber. 

If  colour  displays  were  widely  used  by  air  traffic  con¬ 
trollers  then  controllers  who  have  colour  deficient  vision 
would  be  at  a  disadvantage.  Red-green  colour  deficiency  is  the 
most  common.  A  controller  with  this  deficiency  would  lose  the 
advantage  of  having  his  attention  attracted  by  red  aircraft. 
If  red  aircraft  were  also  displayed  at  a  higher  intensity  there 
could  still  be  a  slight  advantage.  The  advantage  of  some 
colour  to  differentiate  the  aircraft  from  the  background  still 
remains . 


It  is  obvious  from  the  photographs  shown  in  Figures  1 
through  6  that  recognizing  aircraft  in  potential  danger  is 
easier  using  colour.  Colour  becomes  more  important  as  more 
aircraft  fill  the  area.  An  example  of  twenty-four  aircraft  on 
the  display  is  shown  in  Figures  5  and  6. 


CHAPTER  9 


RASTER  REFRESH  VERSUS  VECTOR  REFRESH  DISPLAYS 


9.1  The  Software  Package  for  the  Raster  System  to  Emulate  th 
Vector  System 


The  system  contains  a  software  package  that  allows  the 
raster  graphics  subsystem  (RGS)  to  emulate  the  vector  graphics 
subsystem  (VGS).  For  the  purposes  of  the  study  the  running  of 
the  general  area  air  traffic  controller  simulation  on  both 
display  systems  was  desired  to  be  as  similar  as  possible.  This 
package  allows  the  simulation  program:  atcint.c,  that  controls 
the  simulation,  to  be  run  on  either  system  with  the  differences 
in  controlling  the  two  systems  being  transparent  to  the  user. 
With  this  capability  the  user  can  run  the  same  simulation  pro¬ 
gram  on  whichever  display  he  prefers. 

The  raster  and  vector  technologies  are  quite  different. 
This  is  evident  with  the  different  methods  of  moving  an  object 
on  v the  displays.  A  set  of  routines  will  be  entered  before  a 
graphics  instruction  accesses  the  raster  display.  These 
routines  set  up  the  instruction  so  that  it  is  recognizable  by 
the  raster  display. 

The  selection  of  the  RGS  or  the  VGS  is  determined  by  a 
global  variable  called  "gdunit”.  When  "gdunit"  is  1  output  is 
sent  directly  to  the  VGS  via  the  DMA  interface.  When  "gdunit" 
is  0,  output  is  directed  to  the  emulating  routines  via  a  pipe. 
The  output  is  then  transformed  into  commands  suitable  to  the 
RGS. 


There  is  a  resultant  time  penalty  to  manipulate  the  RGS 
display  through  the  front-end  emulating  routines.  The  air 
traffic  controller  simulation  that  moves  each  aircraft  40  times 
takes  double  the  time  to  complete  when  run  on  the  RGS  instead 
of  the  VGS.  Any  operator  interaction  takes  effect  a  few 
seconds  later  than  the  same  interaction  on  the  VGS;  and  actual 
aircraft  movement  takes  twice  as  long  on  the  RGS  as  on  the  VGS. 


9.2  The  Raster  Refresh  Display 

A  raster  refresh  (or  raster  scan)  system  to  display 
textual  and  graphical  information  uses  a  monitor  similar  to 
that  employed  in  a  standard  home  television  set.  Instead  of 
the  screen  being  refreshed  from  a  video  broadcast  signal,  it  is 
refreshed  from  a  pixel  memory.  The  pixel  memory  is  simply 
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memory  containing  the  information  on  the  colour  and  blink 
status  of  each  pixel.  The  display  screen  is  made  up  of  pixels 
or  dots  arranged  in  horizontal  rows.  The  system  used  for  this 
study  has  good  resolution  since  it  has  1024  pixels  per  row  by 
1024  rows.  Each  pixel  consists  of  one  or  more  bits  of  data 
that  represent  the  particular  blink  status  or  colour  value  for 
that  point.  The  blink  status  is  represented  by  one  bit  for 
each  pixel  and  each  of  red,  green  and  blue  is  represented  by 
another  bit  for  each  pixel.  Sixty  times  a  second  the  complete 
display  image  is  refreshed  from  the  pixel  memory. 

Raster  systems  have  various  advantages  and  disadvan¬ 
tages  over  other  types  of  systems.  Raster  systems  are  effec¬ 
tive  when  complex,  filled  static  pictures  are  to  be  produced. 
The  pictures  can  be  built  up,  point  by  point,  to  form  a  com¬ 
pleted  picture.  There  is  no  limit  to  the  amount  of  information 
that  may  be  presented  because  the  refresh  rate  is  not  dependent 
on  the  information  displayed.  The  data  from  the  pixel  memory 
is  always  transferred  to  the  screen  at  a  rate  of  60  times  a 
second  (60  Hz)  and  this  is  not  dependent  on  whether  the  pixels 
are  to  be  displayed  in  black  (invisible)  or  any  other  colour. 
This  means  there  will  be  no  flicker  even  with  the  most  complex 
displays  or  solid  areas. 

There  is  potential  for  many  colours  provided  there  is 
adequate  memory.  As  the  RGS  now  stands  eight  colours  are 
available  (including  black  and  white),  however  there  is  accom¬ 
modation  for  up  to  seven  colour  memory  boards,  allowing  2**7  * 
128  colours. 

One  disadvantage  of  raster  systems  is  the  amount  of 
data  that  must  be  generated  to  create  an  image  in  pixel  memory. 
Scan  conversion  is  necessary,  in  other  words  the  picture 
description  instructions  must  be  converted  to  information  about 
how  each  pixel  is  to  be  represented.  For  example,  to  generate 
a  line  on  a  high  resolution  raster  system  of  size  1024  by  1024 
pixels  may  require  the  position  of  more  than  1024  points  or 
pixels  to  be  computed.  This  may  require  too  much  time  for 
image  generation  to  be  useful  in  many  applications.  The 
difference  in  timings  between  the  raster  and  vector  systems 
discussed  in  section  6.3  indicates  this  disadvantage.  Raster 
displays  of  later  technology  can  do  scan  conversion  more  quick¬ 
ly  so  the  time  taken  to  put  a  picture  on  the  display  is  consid¬ 
erably  decreased. 

Another  disadvantage  of  raster  systems  is  the  problem 
associated  with  modifying  a  generated  image  in  pixel  memory. 
To  remove  or  move  an  item,  the  "delete"  software  must  first 
erase  and  then  if  desired  redraw  the  item.  This  means  that  it 
must  be  known  what  was  originally  on  the  screen  at  the  particu¬ 
lar  spot  that  is  to  be  erased  so  that  it  can  be  redrawn  in  the 
background  colour.  A  further  complication  arises  when 


displayed  items  overlap.  If  an  item  to  be  erased  overlaps 
another  on  the  screen,  the  portion  of  the  overlapped  item  would 
be  erased  along  with  the  object  that  was  meant  to  be  erased. 
Unless  it  is  feasible  to  redraw  the  erased  portion  of  the  item 
that  was  overlapped  the  display  would  have  holes  in  it.  This 
phenomenon  is  illustrated  as  the  aircraft  pass  over  the  back¬ 
ground  leaving  gaps  in  the  background. 

Unfortunately  the  high  resolution  monitors  generally 
suffer  from  a  lack  of  brightness  which  the  RGS  demonstrates. 
This  is  a  disadvantage  in  that  the  display  may  need  to  be 
viewed  in  a  darkened  room  in  order  to  fully  see  the  display. 

A  disadvantage  peculiar  to  the  RGS  used  for  this  study 
is  the  poorly  formed  alphanumeric  characters. 

9.3  The  Vector  Refresh  Display 

A  vector  refresh  (or  vector  scan,  or  beam  penetration) 
system  produces  the  image  by  drawing  vectors  on  the  screen  in 
the  order  they  are  given.  To  maintain  the  image  on  the  screen 
it  must  be  constantly  refreshed.  Vector  refresh  systems  are 
well  suited  to  dynamic  displays  of  character  and/or  line  im¬ 
ages. 

The  need  to  constantly  refresh  the  image  on  the  screen 
can  cause  a  problem  when  the  image  is  quite  complex.  As  the 
amount  of  information  on  the  screen  increases,  so  does  the  time 
required  to  refresh  the  image.  This  is  because  the  image  is 
drawn  one  vector  at  a  time  and  the  speed  at  which  the  image  is 
displayed  is  dependent  on  the  speed  at  which  the  vectors  can  be 
processed.  If  the  refresh  time  is  too  great  then  the  refresh 
rate  will  decrease  and  the  image  on  the  screen  will  begin  to 
flicker.  To  avoid  flicker,  very  complex  images  and  filled 
areas  must  be  avoided.  Unfortunately,  even  the  air  traffic 
controller  display  is  complex  enough  to  cause  some  flicker  on 
the  VGS . 

An  advantage  of  the  vector  system  is  the  ease  and  speed 
with  which  one  can  erase  or  move  images.  As  this  type  of  sys¬ 
tem  is  typically  refreshed  at  a  rate  of  sixty  times  a  second 
(60  Hz),  an  image  will  fade  from  the  screen  and  a  new  one  will 
be  drawn  in  approximately  one  sixtieth  of  a  second.  Very  lit¬ 
tle  processing  is  required  to  move  an  object  because  objects 
are  generally  represented  by  a  set  of  instructions  that 
describe  the  various  attributes  of  the  object  such  as  position 
and  intensity.  To  move  such  an  object  requires  only  that  its 
position  attribute  be  modified  and  it  will  automatically  be  in 
the  new  position  after  the  next  refresh  (i.e.  after  one  six¬ 
tieth  of  a  second). 


A  disadvantage  of  the  vector  refresh  system  is  that 
only  five  colours  are  available  and  some  systems  allow  even 
fewer  than  five  colours.  The  colours  are  displayed  by  a  single 
beam  striking  the  appropriate  phosphor.  The  phosphors  are  lay¬ 
ered  across  the  face  of  the  screen  and  the  beam  voltage  is 
altered  to  allow  the  beam  to  penetrate  to  the  correct  phosphor 
layer . 

The  colour  green  is  available  but  the  green  phosphor 
emits  significantly  more  light  when  stimulated  than  those  of 
the  other  colours,  therefore  green  is  distractingly  brighter. 
This  makes  green  a  poor  choice  for  the  background  information 
on  the  vector  display,  unless  a  lesser  intensity  is  chosen. 
Since  the  same  software  is  used  on  both  the  RGS  and  the  VGS  the 
intensity  of  green  on  the  VGS  remains  greater.  Therefore,  the 
advantages  of  attracting  the  attention  of  the  air  traffic  con¬ 
troller  through  the  use  of  red  and  orange,  is  partially  lost. 
This  drawback  could  be  partially  overcome  by  dropping  the  in¬ 
tensity  of  the  green  phosphor  through  software  for  future  simu¬ 
lations  on  the  VGS. 

Of  the  remaining  colours  red  is  distinctly  red  but  the 
colours  orange,  amber  and  yellow  are  very  similar  to  each  oth¬ 
er.  Perhaps  this  display  system  should  not  have  claimed  to  be 
a  five  colour  system.  Some  vector  systems  may  have  better 
representations  of  these  colours,  although  the  problem  is  basi¬ 
cally  due  to  the  limited  number  of  layers  of  screen  phosphor 
that  can  be  employed. 

Another  disadvantage  of  some  vector  refresh  systems  is 
the  existence  of  bright  dots  appearing  where  vectors  end  or 
start.  This  occurs  if  the  intensity  of  the  ends  of  the  vectors 
is  not  carefully  controlled.  These  unwanted  bright  dots  pre¬ 
clude  the  use  of  intensity  as  a  dimension  of  the  display  as 
they  are  likely  to  distract  the  user  from  observing  items  on 
the  display  that  were  meant  to  appear  more  intense. 

The  VGS  used  for  the  study  has  a  peculiar  stroke¬ 
generated  character  set.  The  characters  are  not  smooth  and 
some  are  not  immediately  recognizable.  A  minor  difference  with 
RGS  is  that  VGS  characters  are  defined  from  their  center 
whereas  the  RGS  characters  are  defined  from  their  lower  left 
corner.  Therefore  the  positioning  of  the  characters  is  slight¬ 
ly  different:  the  VGS  characters  are  to  the  left  and  down  half 
a  character  compared  with  RGS  characters. 

Other  differences  worthy  of  note  between  the  VGS  and 
the  RGS  are  as  follows: 

The  VGS  background  is  displayed  on  the  screen 
instantly  whereas  the  RGS  background  takes  considerable 
time  to  display.  The  reason  for  this  is  the  difference  in 


technologies.  For  example  in  order  for  the  VGS  to  display 
a  vector  it  needs  the  start  point  and  a  displacement  and 
then  the  beam  is  produced;  however  for  the  RGS  to  display 
a  vector  each  point  along  the  line  must  be  calculated  and 
then  displayed.  The  line  point  calculations  are  done  in 
the  VDP . 

The  VGS  has  a  much  smaller  display  area  than  the 

RGS. 

Overall,  the  VGS  is  brighter  than  the  RGS. 

The  VGS  may  flicker  with  complex  pictures  but  the 
RGS  does  not.  In  fact  processing  of  new  aircraft  posi¬ 
tions  further  interferes  with  the  VGS  refresh  rate. 

Not  an  implicit  problem  of  the  RGS  but  resulting 
from  the  requirement  to  have  the  graphics  display  routines 
the  same  for  the  RGS  and  VGS,  is  the  following  difference. 
The  interactive  changes  to  aircraft  bearing  and  speed  are 
not  redisplayed  immediately  on  the  RGS  due  to  the  require¬ 
ment  to  pass  through  the  set  of  software  routines  indicat¬ 
ed  in  9.1.  The  need  for  extra  processing  in  the  RGS  means 
that  the  RGS  will  always  have  a  delay  compared  with  the 
VGS.  On  the  VGS  as  soon  as  the  change  is  input  the 
display  shows  the  change. 

Neither  the  vector  display  system  nor  the  raster 
display  system  is  the  obvious  choice  for  the  air  traffic  con¬ 
troller  simulation  as  each  has  its  advantages  and  disadvan¬ 
tages.  The  raster  display  systems  are  less  expensive  than  com¬ 
parable  vector  display  systems  so  the  trend  is  towards  improv¬ 
ing  the  raster  technology. 


CHAPTER  10 


I 


POSSIBLE  FUTURE  IMPROVEMENTS 


10.1  Possible  Future  Improvements 


If  the  subject  of  this  study  is  to  be  continued  the 
following  refinements  or  additions  may  be  considered.  The 
enhancements  go  beyond  the  scope  of  the  topic  of  study  but  they 
are  worth  noting. 

A  minor  enhancement  would  be  deciding  upon  and  using  an 
optimum  set  of  colours  to  depict  the  distances  between  air¬ 
craft.  To  allow  a  greater  choice  of  colours  the  raster  system 
would  have  to  be  employed.  For  better  contrast  red  should 
still  imply  potential  collision  aircraft,  but  yellow  could 
indicate  aircraft  requiring  less  attention.  With  the  back¬ 
ground  in  green  and  with  blue  designating  all  aircraft  not 
requiring  attention,  the  entire  focus  would  be  on  the  brighter 
red  and  yellow  colours. 

The  general  area  air  traffic  controller  is  not  con¬ 
cerned  with  landing  aircraft  but  the  display  could  show  air¬ 
craft  approaching  a  landing  and  then  disappearing  from  the 
display  as  they  touch  down.  However,  an  aircraft  approaching  a 
runway  may  have  to  alter  from  its  straight  line  path  so  the 
path  equation  would  become  more  intricate. 

It  may  be  considered  an  enhancement  to  have  the  weather 
fronts  depicted  in  the  background  display  actually  move.  For 
the  purposes  of  a  simulation  lasting  only  a  few  minutes  this  is 
not  necessary.  A  cold  weather  front  generally  moves  20  to  25 
miles  per  hour  and  a  warm  weather  front  generally  moves  10  to 
15  miles  per  hour.  This  movement  is  negligible  on  a  simulation 
of  a  few  minutes.  Only  the  most  important  weather  masses 
should  be  displayed  or  the  display  would  appear  too  cluttered. 
Other  weather  information  may  be  printed  on  the  secondary 
display  or  may  be  obtained  from  reports  transmitted  by 
meteorologists  on  a  continuous  basis. 

Currently  there  are  programs  that  display  eight  air¬ 
craft  and  twenty-four  aircraft.  It  would  be  more  general  to 
have  a  program  that  would  display  any  number  of  aircraft.  Of 
course  this  general  program  would  require  some  input  from  the 
user  to  determine  the  desired  number  of  aircraft,  the  initial 
position  of  each  aircraft,  and  the  speed  and  bearing  of  each 
aircraft.  Before  the  aircraft  are  initially  displayed  the 
speed  would  be  converted  to  pixels  or  units  to  skip;  the 


bearing  would  be  converted  to  the  slope  of  the  line  of  travel 
and  the  direction  along  the  line;  and  the  initial  colour  of 
each  aircraft  vould  be  determined.  As  this  takes  considerable 
time  at  the  beginning  of  each  run  of  the  program,  a  standard 
package  with  the  information  about  eight  aircraft  was  written. 
Currently  it  is  assumed  that  all  aircraft  involved  in  airmisses 
manage  to  avoid  collision.  Further  simulations  might  consider 
the  side  effects  of  an  actual  collision. 

Information  about  the  trailing  path  of  the  aircraft  may 
be  required.  These  paths  could  be  represented  by  dots  depict¬ 
ing  the  last  three  calculated  positions  of  the  aircraft.  The 
trailing  path  positions  could  have  been  stored  so  there  would 
be  no  need  to  recalculate  them. 

It  would  be  useful  to  have  faster  response  to  interac¬ 
tive  input  on  the  RGS.  If  the  raster  display  were  chosen  for 
implementation  then  the  software  could  be  rewritten  to  optimize 
the  raster  functions.  The  aim  would  no  longer  be  to  have  the 
raster  and  vector  systems  function  with  the  same  library  of 
routines  . 

A  fancy  enhancement  would  be  a  filter  function  allowing 
selection  of  an  altitude  of  interest  or  a  geographic  block  of 
interest.  This  could  be  used  by  the  air  traffic  controller  if 
he  wished  to  concentrate  on  a  subset  of  the  entire  display. 
This,  however,  could  be  dangerous  since  the  controller  might 
then  miss  something  not  on  the  screen  but  still  within  his  jur- 
isdic  t ion . 

The  air  traffic  controller  can  suggest  alterations  to 
the  speed  and  bearing  of  the  aircraft.  Realistically  he  should 
also  be  able  to  suggest  altitude  changes.  It  is  more  compli¬ 
cated  to  edit  the  altitude  than  the  speed  or  the  bearing.  How¬ 
ever  if  this  addition  were  to  be  implemented  the  flight  number 
could  be  used  to  determine  the  group  number  with  the  altitude 
information  and  use  the  text  edit  command  (gdedtextO)  to  up¬ 
date  the  altitude.  The  study  is  more  concerned  with  detecting 
horizontal  airmisses  using  the  introduced  colour.  Altitude  is 
a  less  important  factor  when  deciding  on  airmiss  situations 
because  the  altitude  information  may  be  in  error  or  the  air¬ 
craft  may  be  changing  altitude.  An  enhancement  to  the  simula¬ 
tion  would  be  to  calculate  airmisses  according  to  altitude. 
Currently  the  altitude  that  is  displayed  is  just  text  and  not  a 
variable  with  a  value  to  compare  against  other  aircraft  alti¬ 
tudes.  In  order  to  include  vertical  airmiss  calculations 
another  variable,  and  calculations  and  comparisons  associated 
with  the  variable,  must  be  incorporated. 

Several  improvements  could  be  included  in  a  simulation, 
training  or  actual  working  system.  The  reactions  and  wishes  of 
the  controllers  should  be  considered  before  such  improvements 


CHAPTER  11 


CONCLUSIONS 


11.1  Conclusions 


A  major  goal  of  this  study  was  to  investigate  the  bene¬ 
fits  of  using  colour  in  a  general  area  air  traffic  controller 
scenario  by  simulating  the  scenario.  The  results  demonstrate 
that  colour  is  a  very  effective  method  of  drawing  the  attention 
of  the  air  traffic  controller  to  possible  collisions  (Figures  1 
and  3).  When  the  aircraft  are  depicted  in  the  same  colour  as 
the  background  they  blend  into  the  background  (Figures  2  and 
4).  The  more  cluttered  the  background  is  the  more  important 
the  use  of  colour  in  preventing  the  aircraft  from  being  over¬ 
looked  (Figures  5  and  6).  There  is  less  strain  on  the  con¬ 
troller  by  having  the  computer  calculate  the  distances  between 
aircraft  and  indicate,  using  colour,  which  aircraft  are  worth 
examining.  Colour  relieves  the  monotony  of  a  monochrome 
display. 


The  vector  display  has  the  capacity  for  only  five 
colours.  Using  only  these  five  colours  the  acceptable  colour 
designations  include  green  as  the  background  and  amber,  orange 
and  red  as  the  aircraft  colours;  red  being  the  colour  to  imply 
danger  and  orange  or  amber  to  imply  less  requirement  for  atten¬ 
tion.  The  raster  display  has  the  capacity  for  more  colours 
including  purple  and  blue.  Using  these  extra  colours  on  a  ras¬ 
ter  display  it  may  be  possible  to  find  a  more  optimal  set  of 
colours  to  indicate  distance  between  aircraft. 

The  other  major  goal  of  this  study  was  to  write  a  new 
set  of  display  routines  that  would  allow  as  small  a  processing 
delay  as  possible  in  order  to  perform  the  simulation  effective¬ 
ly.  The  routines  originally  provided  with  the  VDP  systems  were 
general  purpose  TELIDON  oriented  routines  which  were  very  slow. 
For  the  purposes  of  the  study  an  appropriate  set  of  display 
routines  could  be  much  more  restrictive  and  therefore  would 
have  much  less  overhead  processing.  The  resulting  library  of 
display  routines  allows  the  simulation  to  run  with  a  minimum  of 
general  processing  delay. 

A  secondary  goal  of  this  study  was  to  compare  the  ad¬ 
vantages  and  disadvantages  of  the  raster  and  vector  displays. 
The  comparison  will  aid  decisions  in  choosing  which  of  the  ras¬ 
ter  or  vector  displays  is  most  effective  for  future  projects. 
The  VGS  has  a  very  limited  choice  of  colours;  the  RGS  allows 
more  choice.  The  VGS  display  has  an  annoying  flicker  even  if 


the  display  is  only  slightly  complex;  the  RGS  has  essentially 
no  flicker.  With  the  two  preceding  comparisons  the  RGS  is  the 
obv ious  choice;  there  is  also  the  consideration  that  the  RGS  is 
less  costly  than  the  VGS.  However  if  execution  time  is  a  major 
consideration  then  the  VGS  is  the  best  choice.  The  time  taken 
to  put  a  picture  on  the  RGS  is  much  greater  than  the  instan¬ 
taneous  display  on  the  VGS.  Even  processing  data  to  be 
displayed  is  slightly  slower  on  the  RGS.  For  example  the  in¬ 
teractive  changes  to  aircraft  bearing  and  speed  take  effect 
immediately  on  the  VGS  but  take  a  few  seconds  to  take  effect  on 
the  RGS. 

Due  to  the  need  for  the  front-end  routines  to  allow  the 
software  for  the  RGS  to  emulate  that  of  the  VGS  the  air  traffic 
controller  simulation  that  moves  each  aircraft  40  times  takes 
twice  the  time  to  complete  when  run  on  the  raster  system  in¬ 
stead  of  on  the  vector  system.  For  a  project  dealing  ex¬ 
clusively  with  the  RGS  a  new  set  of  graphics  display  routines 
could  be  written  to  optimize  the  speed  to  display  on  the  raster 
screen,  however  the  raster  system  would  still  be  somewhat 
slower  than  the  vector  system.  This  is  due  to  the  difference 
in  technologies.  Recent  advancements  in  raster  technology  have 
overcome  some  of  the  problems  causing  slower  display  times. 

By  timing  the  stages  of  processing  and  displaying  the 
air  traffic  controller  simulation  it  was  determined  that  very 
little  time  was  required  for  position  of  aircraft  calculations. 
Considerable  time  was  spent  in  the  VDP  processing  the  informa¬ 
tion  to  be  displayed.  In  the  case  of  the  raster  system  that 
much  time  again  was  spent  in  the  front-end  routines  that  allow 
the  raster  system  software  to  emulate  the  vector  system 
software.  This  extra  processing  time  is  significant. 

A  possible  format  of  a  secondary  display  was  presented. 
The  secondary  display  presents  information  to  the  air  traffic 
controller  that  is  supplementary  to  the  information  on  the  pri¬ 
mary  display.  The  information  includes  aircraft  speed,  source 
and  destination  airports,  and  time  of  arrival  at  destination. 
By  replacing  the  currently  used  flight  progress  strips  with  the 
secondary  display  the  information  is  more  readily  available  and 
can  be  more  easily  modified. 

Many  thoughts  on  the  application  of  colour  to  an  air 
traffic  controller  scenario  have  been  presented.  The  ideas 
introduced  may  be  used  directly  to  create  an  actual  air  traffic 
controller  package  or  they  may  be  applied  to  other  similar 
scenarios  that  may  also  be  improved  with  the  addition  of 
colour.  The  system  chosen  will  depend  on  the  operational 
needs,  speed  of  reaction,  colours  required,  formats  to  be 
displayed,  and  cost.  The  user  must  be  involved  in  deciding  the 
most  appropriate  parameters. 
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fig.  2:  The  eight  aircraft  air  traffic  contioller 
monochrome  display  on  the  raster  system. 


Rg.  3:  The  eight  aircraft  air  traffic  controller 
colour  display  on  the  vector  system. 
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Fig.  4:  The  eight  aircraft  air  traffic  controller 
monochrome  display  on  the  vector  system. 
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The  twenty-four  aircraft  air  traffic  controller 

colour  displays  on  the  vector  system.  • 
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THE  BASIC  ROUTINE  TO  SIMULATE  THE 
GENERAL  AREA  AIR  TRAFFIC  CONTROLLER 
SCENARIO  AND  TO  ALLOW  INTERACTION 
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APPENDIX  3 


atcsec.c: 

THE  ROUTINE  THAT  DISPLAYS  INFORMATION 
OF  SECONDARY  IMPORTANCE  TO  THE  AIR 
TRAFFIC  CONTROLLER 
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/*  Set  up  the  source  information  of  the  aircraft's  route 


/*  Set  up  the  destination  information  of  the  aircraft's  route.  */ 
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APPENDIX  6 


gdc ire  . c  : 

THE  ROUTINE  TO  DRAW  CIRCLES 


CIRCLE  -  draw  a  circle  with  center  at  VVX.VVY  with  radius  VVRAD 

-  use  VVINC  vectors  to  draw  the  circle. 

-  skip  a  vector  every  VVSKP  vector 

(i.e.  if  a  dashed  circle  is  desired). 
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thetinc  “  vvtwopie  /  wine;  /*  initialize  angle  increment, 

frad  *  vvrad;  /*  convert  radius  to  floating  point. 
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